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^ where a search report on the international application has been 
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NUMBER FILED 
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Indepl^ident claims 
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X 80 


$ 320,00 




MUMIPLE DEPENDENT CLAIM(S) (if applicable) 
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CERTIFICATION UNDER 37 C.F.R. 1.10 

"Express Mail" Mailing Label Number: EL700475283US 
Date of Deposit: November 6, 2000 

I hereby certify that this transmittal, documents identified as being 
included and patent application, being filed under 37 U.S.C. 371, is being 
deposited with the United States Postal Service on this date in an envelope as 
"Express Mail Post Office to Addressee" service under 37 C.F.R. 1.10 on the date 
indicated above and is addressed to Box PCT, Assistant Commissioner for 
Patents, Washington, DC 20231. 

Virgini^ Silva 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Inventors: Eiichi Nagasaka, et al. 



Serial No.: Not Yet Assigned (U.S. National 
Phase of PCT/JP0001411) 

Filed: Herewith 



Group Art Unit: Not Yet 
Assigned 

Examiner: Not Yet Assigned 



Title: Starter For Electromagnetic Converter And Timepiece 



CERTIFICATION UNDER 37 CFR 1.10 

"Express Mail" Mailing Label Number: EL700475283US 

Date of Deposit: November 6, 2000 

I hereby certify that this Preliminary Amendment and the documents referred to as 

enclosed therein are being deposited with the United States Postal Service in an envelope as 

"Express MaH Post Office to Addressee" under 37 CFR 1.10 on the date indicated above and is 
.1 . .. . . ^ . . . ^ . . _ . p . 



addressed to Assistant Commissioner for Patents, Washington, D.C. 20231" 

j Virgin ia Silva 



Dated: November 6. 2000 



PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Preliminary to examination please amend the above-identified application 
as follows: 



IN THE TITLE : 

Please change the title to: -Starter For Electric Power Generator And 
Timepiece--. 

IN THE SPECIFICATION : 

Page 4, between hnes 20 and 21 insert the following: 

— Jb 2 — — wy 
2 

= -x6.2xl0~'x9.8x0.2xl0-' 
2 

= 6.1xl0-'[/] — 

Page 5, line 30, delete "Claim 1" and insert --one aspect- therefor; 
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Page 6, line 12, delete "Claim 2" and insert -a second aspect-- therefor; 
Page 7, line 1, delete "Claim 3" and insert -a third aspect- therefor; 
Page 7, hne 18, delete "Claim 4" and insert -a fourth aspect-- therefor; 
Page 8, hne 1, before "invention" insert -first aspect of the-; 

line 1, delete "of Claim 1"; and 
Page 14, hne 6, delete "Claim 24" and insert -another aspect- therefor. 

IN THE CLAIMS : 

Please cancel claims 1-25 without prejudice and without disclaimer of 
subject matter. 

Please add the following new claims: 

-26. A starter for an electric power generator that comprises a rotor and 
mechanical energy transmitting means, which is comprised of a wheel train that 
includes a plurality of gears, for transmitting mechanical energy to and fi:om the 
rotor, thereby converting one of mechanical energy and electrical energy into the 
other, the starter comprising: 

a startup member having an engaging portion capable of mechanically 
engaging with an engaged portion of a rotation target gear of the mechanical 
energy transmitting means, wherein the engaging portion is moved in response 
to operation of an external operating member to temporarily apply a rotating 
force to the rotation target gear, while the engaging portion is in engagement 
with the engaged portion, whereby the rotor is rotated at an increased speed 
upon start up of the electric power generator. 

27. A starter for an electric power generator that comprises a rotor and 
mechanical energy transmitting means, which is comprised of a wheel train that 
includes a pluraUty of gears, for transmitting mechanical energy to and from the 
rotor, thereby converting one of mechanical energy and electrical energy into the 
other, the starter comprising: 

a startup member having an engaging portion capable of engaging with a 
rotation target gear of the mechanical energy transmitting means, wherein the 

Preliminary Amendment o REV 1 1/97 

Customer No. 20178 



P4970b PATENT 
engaging portion is moved substantially in a tangential direction relative to a 
peripheral portion of the rotation target gear in response to operation of an 
external operating member to temporarily apply a rotating force to the rotation 
target gear, whereby the rotor is rotated at an increased speed upon start up of 
the electric power generator. 

28. A starter for an electric power generator that comprises a rotor and 
mechanical energy transmitting means, which is comprised of a wheel train that 
includes a plurality of gears, for transmitting mechanical energy to and from the 
rotor, thereby converting one of mechanical energy and electrical energy into the 
other, the starter comprising: 

a startup member for temporarily applying, in response to operation of an 
external operating member, a rotating force to a pinion of a gear of the 
mechanical energy transmitting means, the gear being directly coupled to the 
rotor, whereby the rotor is rotated at an increased speed upon start up of the 
electric power generator. 

29. A starter for an electric power generator that comprises a rotor and 
mechanical energy transmitting means for transmitting mechanical energy to 
and from the rotor, thereby converting one of mechanical energy and electrical 
energy into the other, the starter comprising: 

a startup member for temporarily applying, in response to operation of an 
external operating member, a rotating force to one of the rotor of the electric 
power generator, a pinion of a gear of the mechanical energy transmitting 
means, and a rotation target gear of the mechanical energy transmitting means, 
whereby the rotor is rotated at an increased speed upon start up of the electric 
power generator. 

30. The starter for an electric power generator according to claim 29, wherein 
the rotation target gear, the pinion or the rotor includes an engaged portion, and 
the startup member includes an engaging portion capable of mechanically 
engaging with the engaged portion of the rotation target gear, the pinion or the 
rotor. 
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31. The starter for an electric power generator according to claim 29, wherein 
the startup member is magnetically engageable with the rotation target gear, 
the pinion or the rotor. 

32. The starter for an electric power generator according to claim 30, wherein 
the engaging portion of the startup member engages with the engaged portion of 
the rotation target gear, the pinion or the rotor in response to a first operation of 
the external operating member, and is moved to temporarily apply a rotating 
force to the rotation target gear, the pinion or the rotor in response to a second 
operation of the external operating member. 

33. The starter for an electric power generator according to claim 32, wherein 
the engaging portion of the startup member is moved substantially in the 
tangential direction of the rotation target gear, the pinion or the rotor in 
response to the second operation of the external operating member. 

34. The starter for an electric power generator according to claim 30, wherein 
the startup member comprises a startup spring having an engaging portion 
capable of engaging with the engaged portion of the rotation target gear, the 
pinion or the rotor, and a startup-spring operating member for biasing the 
engaging portion of the startup spring into engagement with the engaged portion 
of the rotation target gear, the pinion or the rotor in response to a first operation 
of the external operating member and for releasing the startup spring from a 
biased state to return the startup spring to an original position in response to a 
second operation of the external operating member. 

35. The starter for an electric power generator according to claim 34, wherein 
the startup spring is a leaf spring, and the engaging portion of the startup 
spring is moved by the startup-spring operating member substantially in a 
tangential direction relative to a peripheral portion of the rotation target gear, 
the pinion or the rotor. 
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36. The starter for an electric power generator according to claim 34, wherein 
an opposite end portion of the startup spring is fixed to a pin that is rotatably 
attached to a base of the electric power generator. 

37. The starter for an electric power generator according to claim 34, wherein 
the startup-spring operating member comprises a latch portion capable of 
engaging with the rotation target gear, the pinion or the rotor to stop rotation 
thereof, and a startup-spring biasing portion for biasing the startup spring by a 
predetermined amount, while the latch portion is in engagement with the 
rotation target gear, the pinion or the rotor, thereby bringing the engaging 
portion of the startup spring into engagement with the engaged portion of the 
rotation target gear, the pinion or the rotor. 

38. The starter for an electric power generator according to claim 34, wherein 
the external operating member is a crown, and wherein the startup-spring 
operating member is comprised of a lever for biasing the startup spring to 
engage with the engaged portion of the rotation target gear, the pinion or the 
rotor when the crown is pulled out, and for releasing the startup spring from the 
biased state to return the startup spring to the original position when the crown 
is pushed in, thereby applying a mechanical rotating force to the rotation target 
gear, the pinion or the rotor. 

39. The starter for an electric power generator according to claim 26, wherein 
the electric power generator includes a yoke and a coil. 

40. The starter for an electric power generator according to claim 39, wherein 
the electric power generator includes a core portion around which the coil is 
wound. 

41. The starter for an electric power generator according to claim 30, wherein 
the rotating force is applied to the rotor and the engaged portion of the rotor is 
formed along a peripheral portion thereof. 
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42. The starter for an electric power generator according to claim 41, wherein 
the rotor of the electric power generator includes an inertia plate, and the 
engaged portion of the rotor is formed along a peripheral portion of the inertia 
plate. 

43. The starter for an electric power generator according to claim 42, wherein 
the inertia plate is attached to a rotating shaft of the rotor through a slip 
mechanism. 

44. The starter for an electric power generator according to claim 30, wherein 
the rotating force is applied to the rotor and the startup member restricts the 
rotor to a position offset from a statically stable position thereof when the 
startup member is engaged with the engaged portion of the rotor. 

45. The starter for an electric power generator according to claim 26, wherein 
the startup member for rotating the rotor rotates the rotor forward in a rotating 
direction thereof. 

46. A timepiece, comprising: 

a mechanical energy source; 

an electric power generator driven by the mechanical energy source for 
outputting electrical energy; 

a rotation controller operated with the electrical energy generated by the 
electric power generator; 

hands driven under control of the rotation controller; and 

a starter for the electric power generator, the starter comprising: 

a startup member having an engaging portion capable of 
mechanically engaging with an engaged portion of a rotation target gear of the 
mechanical energy source, wherein the engaging portion is moved in response to 
operation of an external operating member to temporarily apply a rotating force 
to the rotation target gear, while the engaging portion is in engagement with the 
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engaged portion, whereby the rotor is rotated at an increased speed upon start 
up of the electric power generator. 



47. A timepiece, comprising: 

a mechanical energy source; 

a transmission wheel train for transmitting mechanical energy from the 
mechanical energy sources- 
hands driven by the transmission wheel train for indicating the time of 

daym- 
an electric power generator including a rotor rotated through the 
transmission wheel train for outputting electrical energy; 

an electricity accumulator for accumulating an electromotive force 
generated by the electric power generator; and 

a rotation controller operated by the electricity accumulator, the rotation 
controller including a reference-signal output circuit for outputting a reference 
signal, and a comparison-and-control signal output circuit for detecting a cycle of 
the rotor of the electric power generator, comparing the detected cycle with the 
reference signal, and outputting a comparison and control signal; and 

a starter for the electric power generator, wherein the starter provides a 
rotating force that acts on the transmission wheel train or the rotor in response 
to operation of an external operating member. 

48. The timepiece according to claim 46, further comprising: 

an electricity accumulator, selectively connectable to the rotation 
controller through a mechanical switch, that is able to accumulate the electrical 
energy outputted from the electric power generator; 

wherein the mechanical switch is turned off in response to a first 
operation of the external operating member to disconnect the electricity 
accumulator from the rotation controller, and is turned on in response to a 
second operation of the external operating member to supply the electrical 
energy from the electricity accumulator to the rotation controller. 
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49. The timepiece according to claim 46, wherein the rotating force apphed to 
the rotation target gear by the startup member is set to such a magnitude as 
causing the rotor of the electric power generator to be started up at a reference 
speed. 

50. A timepiece, comprising: 
an electrical energy source; 

an electric power generator driven by the electrical energy source for 
outputting mechanical energy, the electric power generator comprising a rotor 
and mechanical energy transmitting means; 

a rotation controller operated with electrical energy from the electrical 
energy source; 

hands driven under control of the rotation controller; and 

a starter for the electric power generator, the starter comprising a startup 
member having an engaging portion capable of mechanically engaging with an 
engaged portion of a rotation target gear of the mechanical energy transmitting 
means, wherein the engaging portion is moved in response to operation of an 
external operating member to temporarily apply a rotating force to the rotation 
target gear, while the engaging portion is in engagement with the engaged 
portion, whereby the rotor is rotated at an increased speed upon start up of the 
electric power generator. - 



REMARKS 

Claims 26-50 are presented for examination, claims 1-25 having been 
canceled without prejudice nor disclaimer of subject matter and claims 26-50 
having been added. Claims 1-25 have been canceled and claims 26-50 added to 
provide claims in better form for U.S. Practice and to eliminate multiple 
dependent claims. 

The specification has been amended to delete references to canceled 
claims. The specification has also been amended to insert a formula missing 
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from the corresponding PCT application but present in the Japanese apphcation 
upon which priority in this apphcation is based. The title has also been 
amended. 

Favorable consideration is respectfully requested. 

Respectfully submitted, 

Michael T. Gabrik 
Registration No. 32,896 

Please address all correspondence to: 

Epson Research and Development, Inc. 
Intellectual Property Department 
150 River Oaks Parkway, Suite 225 
San Jose, CA 95134 
Phone: (408) 952-6000 
Fax: (408) 954-9058 
Customer No. 20178 

Date: November 6, 2000 
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STARTER FOR ELECTROMAGNETIC CONVERTER AND TIMEPIECE 

Inventors: Eiichi Nagasaka 
Osamu Takahashi 

Technical Field 

The present invention relates to a starter for an electromagnetic converter 
such as a power generator or a motor, and a timepiece, such as a wristwatch, 
including the starter. 

Background Art 

Japanese Unexamined Patent Application Publication No. 8-5758 discloses 
one of known electronically controlled mechanical watches wherein hands fixed to a 
wheel train are precisely driven to indicate the time of day right by converting 
mechanical energy produced upon unwinding of a mainspring into electrical energy 
with a power generator, operating a rotation controller with the electrical energy, 
and then controlling a current value flowing through a coil of the power generator. 

In operation of the above watch, the electrical energy produced from the 
power generator is once supplied to a smoothing capacitor, and the rotation 
controller is driven with power from the capacitor. However, because an AC 
electromotive force is always inputted to the capacitor in synch with the cycle of 
rotation of the power generator, it is not required to, for a long time, hold power for 
enabhng the operation of the rotation controller which includes an IC and a quartz 
oscillator. Therefore, a capacitor having a comparatively small electrostatic 
capacity just enough to operate the IC and the quartz oscillator for a time as short 
as several seconds has been employed in the past. 

The above electronically controlled mechanical watch is featured in that, 
because the hands are driven by using the mainspring as a power source, a motor is 
not required, thus resulting in the less number of parts and a lower cost. In 
addition, power generation is only needed to produce shght electrical energy 
necessary to operate an electronic circuit, and the watch can be operated with small 
input energy. 

However, the above electronically controlled mechanical watch has problems 
as follows. When setting the hands right (or setting the watch to the correct time) 
by pulling out a crown, aU of hour, minute and second hands have been usually 
stopped so that the watch can be set to the correct time. For stopping the hands, 
the wheel train is stopped and, to this end, the power generator is also stopped. 
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To continue driving of the IC while stopping the supply of the electromotive 
force from the power generator to the smoothing capacitor, therefore, charges 
accumulated in the capacitor are discharged to the IC side and the terminal voltage 
of the capacitor is lowered. As a result, the rotation controller is also brought into a 
5 stop. 

Accordingly, when the driving of the power generator is restarted by pushing 
in the crown after setting the hands right, it takes a time to accumulate charges in 
the capacitor to such an extent that the terminal voltage of the capacitor reaches an 
IC driving start voltage (i.e., a voltage at which the IC can start driving). At the 
10 start of driving of the power generator, the power generator produces a small 
fj electromotive force when its rotational speed is slow, and a large electromotive force 
S when its rotational speed is fast. This means that the rotational speed of the power 
IrJ generator must be quickly increased at the startup. However, because the power 
generator and the associated driving mechanism have their own inertia, it takes a 
SfS time for the power generator to transit from a stopped state to an ordinary driving 
m (rotating) state due to the inertia. Where an inertia plate is provided on a rotor of 
the power generator, particularly, the rotor gradually increases a rotational speed 
£1 at the startup of the power generator. Accordingly, when the rotor starts rotation, a 
Q large torque is required and it takes a time until the rotational speed increases to a 
Mo sufficient value. As a result, the amount of power produced by the power generator 
H is small in an initial stage of the startup of the power generator, and charging takes 
a time until the terminal voltage of the capacitor reaches the IC driving start 
voltage. Stated otherwise, a problem has been experienced in that a certain period 
of time is needed from the start of driving of the power generator to the start of 
25 operation of the IC, and precise time control cannot be made during that period of 
time. 

In view of the above problem, as disclosed in Japanese Unexamined Patent 
Application Publication No. 11-14768, the applicant has invented a method which 
can rotate a rotor at an increased speed and quickly increase the amount of 

30 generated power as soon as the startup, thereby shortening a time required for 
charging. According to this method, a driving lever is held in contact with a gear of 
the wheel train and is departed away from the gear with the operation of pushing in 
the crown after setting the hands right, so that the rotor is rotated by a mechanical 
rotating force imposed on the gear due to a frictional force produced upon the 

35 departing of the driving lever. 

In the above invention, however, the driving lever applies a mechanical 
rotating force to the gear with a frictional force, thus resulting in a problem that it 
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is difficult to efficiently apply the rotating force with stability. Such a problem is 
not limited to a power generator, but occurs likewise when a mechanical rotating 
force is applied to a motor gear with a frictional force using a driving lever. In other 
words, the above problem is in common to any cases where a driving lever is 
5 provided to impose a rotating force on a gear of mechanical energy transmitting 
means, such as a rotor or a train wheel for driving the rotor, in electromagnetic 
converters including power generators or motors. 

A first object of the present invention is to provide a starter for an 
electromagnetic converter and a timepiece, which enable a mechanical rotating 
10 force to be efficiently applied to a rotor or mechanical energy transmitting means 
with stability. 

Further, in the invention disclosed in the above-cited Japanese Unexamined 
Patent Application Publication No. 11-14768, the mechanical rotating force applied 
g by the driving lever needs to be set based on balance between a resilient force of an 
i1B5 abutment portion coming into direct contact with the gear and a resilient force of a 
^tj member for returning the abutment portion to its original position. This has raised 
- a problem that a difficulty in setting of the rotating force makes it hard to apply a 
stable rotating force. In practice, if a return spring is too strong, a sufficient 
O rotating torque cannot be applied because the spring causes the abutment lever to 
tfO depart away from the gear before the startup. Conversely, if the return spring is 
£7 too weak, the abutment lever is brought into contact with the gear upon an impact 
or the like. 

A second object of the present invention is to provide a starter for an 
electromagnetic converter and a timepiece, which enable a mechanical rotating 
25 force to be applied to a rotor or mechanical energy transmitting means with higher 
stabiUty. 

Another problem in the case of applying a mechanical rotating force to a gear 
resides in efficiency. 

More specifically, an appropriate rotational speed of the rotor is in the range 
30 of about 5 - 10 Hz, taking into account such conditions that the rotor can rotate with 
stability, and air resistance and viscosity resistance will not become too large. Also, 
from the standpoint of stabihty in rotation, an inertia disk is required as described 
above. The inertia disk is made of brass, for example, and its appropriate size is 
given by an outer diameter of about 6 mm and a thickness of about 0.2 mm in 
35 consideration of both the strength of a rotor shaft against an impact in the event of 
falling. Additionally, for the purposes of increasing inertial moment and reducing 
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weight, radially arranged holes each having a diameter of about 5 mm are usually 
formed in the inertia disk. 

Inertial moment II of a rotor provided with such an inertia disk is given, for 
example, by the following formula (1): 

Ii^ l.lx 10-10 kgm2 (1) 
Accordingly, kinetic energy Ei is given by the following formula (2): 

E, = - X 1.1 X 10"'° X (271)' X (5' - 10' 

2 (2) 

= 5.4 X 10"^ - 2.2 X 10"' [J] 

On the other hand, the driving lever is made of phosphor bronze suitable for 
springs, and its sectional secondary moment I2 is determined by the following 
formula (3) on an assumption of thickness h = 0.2 mm, width b = 0.2 mm and length 
1 = 0.5 mm: 

bh' 0.2 X 0.2' , 4 

I, - - = 1.3 X 10"'[rnm' (3) 

' 12 12 

Also, a deflection y of a spring in a cantilevered state is expressed by 
the following formula (4); 



wl^ 
3EI, 



(4) 



where w is a spring force and E is the Young's modulus. From the above 
formula (4), the spring force w is determined as expressed by the following formula 
(5): 

y X 3EI2 



1^ 

0.2 X 3 X 10000 X 1.3 X 10"* 



5^ 



(5) 



6.2 X 10"' [kg] 



Accordingly, spring energy E2 is determined by the following formula (6): 

Energy efficiency t] in rotating the rotor by a spring is calculated as given in 
the following form\ila (7) and r| = 1 - 4 % is resulted: 

_ _ (0.54 ~ 2.2) X 10"" 

^ ~ E2 " 6.1 X 10"^ 

= 0.01 ~ 0.036 (7) 

= 1 ~ 4[%] 
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It is very difficult to output energy at such a low efficiency of not more than 5 
% with stability. Even a slight variation in efficiency leads to a large variation in 
initial speed of the gear determined by the mechanical rotating force transmitted to 
the same. This has raised a problem of difficulty in rotating the gear with stability. 

5 A third object of the present invention is to provide a starter for an 

electromagnetic converter and a timepiece, which can improve efficiency of a 
startup spring for applying a mechanical rotating force to a rotor or mechanical 
energy transmitting means. 

Moreover, another problem of the above-cited invention has been encountered 
10 in that it is difficult to correctly set the time with high accuracy because the 
rotational speed of the sped-up rotor does not become stable unless the rotating 
^ force applied to the gear of the wheel train is controlled by the driving lever with 
01 high accuracy. 

Stated otherwise, until the IC starts driving, a time lapsed from the start of 
K rotation of the rotor, for example, cannot be detected. For this reason, an error in 
m setting of the correct time must be canceled by adding a preset compensation value. 

D However, unless the rotation of the rotor is stable, a time lapsed until the 

^ start of driving of the IC is also varied. This has raised a problem that the correct 

yj time cannot be set even with compensation using a preset value, thus resulting in a 

20 difficulty in setting the time right with high accuracy. 

Further, in order to keep constant the rotating force produced by the driving 
lever, a deflection of the driving lever, for example, must be controlled with high 
accuracy. This necessity has raised still another problem that, although such a 
parameter can be easily managed up to accuracy enough for ordinary uses, the 
25 parameter is difficult to manage at accuracy higher than such a level. 

A fourth object of the present invention is to provide a starter for an 
electromagnetic converter and a timepiece, which can easily stabilize a rotational 
speed of a rotor. 

Disclosure of Invention 

30 The invention according to Claim 1 resides in a starter for an electromagnetic 

converter comprising at least a rotor and mechanical energy transmitting means, 
which is constituted by a wheel train made up of a plurality of gears and transmits 
mechanical energy to and from the rotor, thereby converting one of mechanical 
energy and electrical energy into the other, wherein the starter includes a startup 

35 member which has an engaging portion capable of mechanically engaging with an 
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engaged portion of a rotation target gear provided in the mechanical energy- 
transmitting means, and which moves the engaging portion in response to operation 
of an external operating member for applying a rotating force to the rotation target 
gear, while the engaging portion is in engagement with the engaged portion, 
5 whereby the rotor is rotated. 

With the invention having those features, the startup member is employed 
which has the engaging portion capable of mechanically engaging with the rotation 
target gear of the mechanical energy transmitting means. As compared with a 
conventional starter utilizing a frictional force, therefore, a mechanical rotating 

10 force can be more efficiently applied to the rotation target gear with higher 

y stability. The above first object is thus achieved. 

01 The invention according to Claim 2 resides in a starter for an electromagnetic 

£ converter comprising at least a rotor and mechanical energy transmitting means, 
Co which is constituted by a wheel train made up of a plurality of gears and transmits 
^ mechanical energy to and from the rotor, thereby converting one of mechanical 

energy and electrical energy into the other, wherein the starter includes a startup 
H member which has an engaging portion capable of engaging with a rotation target 
P gear provided in the mechanical energy transmitting means, and which moves the 
y engaging portion substantially in the tangential direction of the rotation target gear 
2) in response to operation of an external operating member for applying a rotating 

force to the rotation target gear, whereby the rotor is rotated. 

By moving the engaging portion of the startup member substantially in the 
tangential direction of the rotation target gear, the direction in which the rotating 
force is apphed to the gear and the rotating direction of the gear are aligned with 
25 each other. Therefore, the improved efficiency can be obtained and the gear can be 
efficiently rotated with stability. The above third object is thus achieved. 

In the present invention, the term "substantially in the tangential direction" 
represents not only exactly the same direction as the tangential direction, but also a 
certain range of directions deviated from the tangential direction. In other words, 

30 even when the direction of applying the rotating force is inclined from the 
tangential direction with an angle (frictional angle) corresponding to the coefficient 
of friction in a contact area (between the rotation target gear and the startup 
member), the range of such an inclination is included in the term "substantially in 
the tangential direction". This is similarly applied to the case where the engaging 

35 portion of the startup member is moved substantially in the tangential direction of 
the pinion or the rotor as described later. 
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The invention according to Claim 3 resides in a starter for an electromagnetic 
converter comprising at least a rotor and mechanical energy transmitting means, 
which is constituted by a wheel train made up of a plurality of gears and transmits 
mechanical energy to and from the rotor, thereby converting one of mechanical 
5 energy and electrical energy into the other, wherein the starter includes a startup 
member for, in response to operation of an external operating member, applying a 
rotating force to a pinion of a gear in the mechanical energy transmitting means, 
the gear being located just one step before the rotor, whereby the rotor is rotated. 

Because of the pinion having a small diameter, the amount by which the 
10 startup spring engages with the pinion in the longitudinal direction of the spring 
can be increased, and the pinion can be efficiently rotated with stability. Further, if 
a gear two or more steps before the rotor is selected as the rotation target gear, the 
m speed-up ratio would be increased and a very large farce would be required to rotate 
^ that gear, thus resulting in a difficulty in starting up the rotor against its cogging 
'to torque. By selecting the gear just one step before the rotor as the rotation target 
^: gear, a rotating force required to start up the rotor can be reduced to a 
comparatively small value. 

1^ The invention according to Claim 4 resides in a starter for an electromagnetic 

O converter comprising at least a rotor and converting one of mechanical energy and 
^ electrical energy into the other, wherein the starter includes a startup member for, 
N= in response to operation of an external operating member, applying a rotating force 
to the rotor of the electromagnetic converter, whereby the rotor is rotated. 

With the invention having those features, since the rotating force is applied 
to the rotor, an increase in speed error due to speed-up through the speed-up wheel 

25 train is avoided unlike the case of applying the rotating force to the speed-up wheel 
train, and hence the rotor can be rotated at a predetermined speed. The above 
fourth object can be thus achieved. Accordingly, the rotation of the rotor can be 
further stabilized and a time lapsed until the start of driving of an IC can be more 
precisely kept constant. When the starter is employed in a timepiece, for example, 

30 it is possible to eHminate an error in setting of the correct time by adding a preset 
compensation value, and manage the indication of time with high accuracy. 

In the above starter, preferably, the rotation target gear, the pinion or the 
rotor includes an engaged portion, and the startup member includes an engaging 
portion capable of mechanically engaging with the engaged portion of the rotation 
35 target gear, the pinion or the rotor. 
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With those features, similarly to the invention of Claim 1, since the startup 
member mechanically engaging with the rotation target gear, the pinion or the rotor 
is employed, the mechanical rotating force can be efficiently applied to the rotor 
through the rotation target gear, the pinion or the rotor with stability. 

5 The startup member may be magnetically engage able with the rotation 

target gear, the pinion or the rotor. 

By utilizing magnetic forces to apply the rotating force through magnetic 
engagement with the rotation target gear, the pinion or the rotor, a need of bringing 
the startup member into direct contact with the rotation target gear, the pinion or 

10 the rotor is eliminated. It is therefore possible to prevent wears of the startup 

^ member and the rotation target gear, the pinion or the rotor. 

f ' Preferably, the startup member engages the engaging portion of the startup 

j£ member with the engaged portion of the rotation target gear, the pinion or the rotor 
ffi in response to first operation of the external operating member, and moves the 
engaging portion of the startup member for applying a rotating force to the rotation 
- target gear, the pinion or the rotor in response to second operation of the external 
Irf operating member. 

"ri With the invention having those features, since the engagement and 

□ movement of the startup member are performed in interlock with the operation of 
W) the external operating member such as a crown, there is no need of externally 
operating a separate push button or the like, and the mechanical rotating force can 
be positively applied to the rotation target gear, the pinion or the rotor. 

Preferably, the engaged portion of the startup member is moved substantially 
in the tangential direction of the rotation target gear, the pinion or the rotor in 

25 response to the second operation of the external operating member. By moving the 
engaging portion of the startup member substantially in the tangential direction of 
the rotation target gear, the pinion or the rotor, the direction in which the rotating 
force is appUed to the rotation target gear, the pinion or the rotor and the rotating 
direction of the rotation target gear, the pinion or the rotor are aligned with each 

30 other. Therefore, the improved efficiency can be obtained and the gear can be 
efficiently rotated with stability. 

Preferably, the startup member comprises a startup spring having an 
engaging portion capable of engaging with the engaged portion of the rotation 
target gear, the pinion or the rotor, and a startup-spring operating member for 
35 biasing the startup spring to engage the engaging portion of the startup spring with 
the engaged portion of the rotation target gear, the pinion or the rotor in response to 
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the first operation of the external operating member, and releasing the startup 
spring from a biased state for returning the startup spring to an original position in 
response to the second operation of the external operating member, thereby 
applying a rotating force to the rotation target gear, the pinion or the rotor. 

5 With the invention having those features, the startup spring is biased by the 

startup-spring operating member for engagement with the rotation target gear, the 
pinion or the rotor, and the biasing of the startup-spring operating member is then 
released so that the rotating force is applied to the rotation target gear, the pinion 
or the rotor upon return of the startup spring due to its own resilient force. In other 
10 words, since only the startup spring is employed and a spring for starting up the 
^ rotation target gear, the pinion or the rotor is the same as a spring for returning the 
startup spring to the original position, there is no need of considering balance 
between resilient forces of separate springs unhke a conventional starter. As a 
,|r result, a stable rotating force can be always applied to the rotation target gear, the 
U pinion or the rotor. The above second object can be thus achieved. 

^ At the initial stage of startup of a power generator, therefore, a mechanical 

J- rotating force is applied to a rotor of the power generator by the startup spring 

iM= through a wheel train with stability in addition to a rotating force applied by a 

'r^ mainspring. A large rotating force is thus temporarily appUed to the rotor, whereby 

g) the rotor can be rotated at an increased speed as soon as the startup. 

Accordingly, it is hence possible to increase the power outputted from the 
power generator up to a large value in a short time, shorten a period of time taken 
from the start of driving of the power generator to the start of operation of a 
rotation controller, and reduce an error in the time setting. 

25 In the above starter, preferably, the startup spring is a leaf spring, and the 

engaging portion of the startup spring, which engages with the engaged portion of 
the rotation target gear, the pinion or the rotor, is moved by the startup-spring 
operating member substantially in the tangential direction of the gear, the pinion or 
the rotor. 

30 By moving the engaging portion of the startup spring substantially in the 

tangential direction of the gear, the pinion or the rotor, the direction in which the 
rotating force is applied to the gear, the pinion or the rotor and the rotating 
direction of the gear, the pinion or the rotor are aligned with each other. Therefore, 
the improved efficiency can be obtained and the gear, the pinion or the rotor can be 

35 efficiently rotated with stability. 



PatApplAF 
Customer No. 20178 



9 



Express Mail Label No. EL700475283US 

Rev. 11/97 



P4970b 

Preferably, an opposite end portion of the startup spring is fixed to a pin, and 
the pin is rotatably attached to a base of the electromagnetic converter. 

By rotating the pin, to which the startup spring is fixed, relative to the base, 
the initial position of the startup spring, i.e., the resilient force of the startup 
5 spring, can be easily adjusted, and therefore the rotating force applied to the gear, 
the pinion or the rotor can be easily set to a predetermined value. 

In this connection, preferably, the startup-spring operating member 
comprises a latch portion capable of engaging with the rotation target gear, the 
pinion or the rotor to stop rotation thereof, and a startup -spring biasing portion for 

10 biasing the startup spring by a predetermined amount, while the latch portion is in 
5^ engagement with the rotation target gear, the pinion or the rotor, thereby bringing 
0^ the engaging portion of the startup spring into engagement with the engaged 
f_ portion of the rotation target gear, the pinion or the rotor. 

J; By using the startup-spring operating member having the above features, the 

^ amount by which the startup spring is biased can be held constant with high 
accuracy, and the rotating force applied to the rotation target gear, the pinion or the 

11 rotor can be further stabilized. Additionally, since the latch portion of the startup- 
O spring operating member is also engaged with the rotation target gear, the pinion or 
S the rotor, it is possible to smoothly stop the rotation target gear, the pinion or the 

rotor, eventually the rotor. 

Preferably, the external operating member is a crown, and the startup -spring 
operating member is constituted by a lever for biasing the startup spring to be 
engaged with the rotation target gear, the pinion or the rotor when the crown is 
pulled out, and releasing the startup spring from the biased state for returning the 
25 startup spring to the original position when the crown is pushed in, thereby 
applying a mechanical rotating force to the rotation target gear, the pinion or the 
rotor. 

By using, as the startup -spring operating member, the lever in interlock with 
the operation of the crown, the operability is improved. 

30 Preferably, the electromagnetic converter includes a yoke and a coil. In this 

connection, preferably, the electromagnetic converter is an electromagnetic 
converter including a core portion around which the coil is wound, e.g., a power 
generator with a core. 

A core less power generator may also be used as the power generator, i.e., as 
35 one example of the electromagnetic converter. By using a power generator with a 
core, however, a magnet size can be reduced and impact resistance can be increased. 
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Although a power generator with a core is inferior in startup property because of 
having cogging torque, the mechanical rotating force can be applied with stability in 
the present invention, and therefore a rotor can be positively rotated with stabihty. 

In each of the inventions described above, the engaged portion of the rotation 
5 target gear may be a tooth of the gear or may be provided in other area than a tooth 
by forming the engaged portion in the gear. Particularly, employing the tooth of the 
gear as the engaged portion is advantageous in that an additional work of forming 
the engaged portion is eliminated. Similarly, the engaged portion of the pinion may 
be provided in other area than a tooth. However, the engaged portion is preferably 
10 formed using a tooth of the pinion. 

O Also, the engaged portion of the rotor is preferably formed along an outer 

^Jf peripheral portion of the rotor of the electromagnetic converter. As the outer 

peripheral portion of the rotor, an outer peripheral portion of any of parts 
=F constituting the rotor, e.g., a outer peripheral portion of an inertia plate or a rotor 

pinion, can be utilized. 

In particular, preferably, the rotor of the electromagnetic converter includes 
o an inertia plate, and the engaged portion of the rotor is formed along an outer 
peripheral portion of the inertia plate. 

W Since the inertia plate has the largest diameter among the parts of the rotor, 

33 greater moment of rotation can be produced with a smaller force applied to the 
startup member. Therefore, the rigidity required for the startup member can be 
reduced to a comparatively small value, and the startup member can be formed of a 
comparatively thin member. It is thus possible to reduce the weight of the startup 
member and arrange it with more easiness. 

25 Preferably, the inertia plate is attached to a rotating shaft of the rotor 

through a slip mechanism. 

By providing the slip mechanism, if a force in excess of a predetermined value 
is applied to the inertia plate, the inertia plate slips relative to the rotating shaft of 
the rotor, and therefore the rotational speed of the rotor can be kept constant. 

30 Preferably, the startup member enables the rotor to be restricted to a position 

offset from a statically stable position thereof when the engaging portion of the 
startup member is engaged with the engaged portion of the rotor. 

By restricting the rotor to the position offset from the statically stable 
position, the effect of cogging torque at the startup is reduced and a required 
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startup torque to be applied by the startup member can be reduced to a smaller 
value. 

Preferably, the startup member for rotating the rotor rotates the rotor 
forward in a rotating direction thereof. By rotating the rotor directly or through the 
5 rotation target gear, the pinion, etc. by the startup member, the rotor having been 
so far stopped starts rotation, whereupon a frictional force imposed on the rotor is 
reduced from a large value caused by statical friction down to a small value caused 
by kinetic friction, thus resulting in an improvement of the startup property. In 
other words, the startup member is required to reduce the frictional force through a 
10 shift from statical friction to kinetic friction. Accordingly, the rotor may be rotated 
Q backward in the rotating direction other than being rotated forward in the rotating 
S direction. However, rotating the rotor in the proper rotating direction by the 
H startup member is more advantageous in that the rotational speed of the rotor can 
S be more quickly increased. 

:Sl^ A timepiece of the present invention comprises a mechanical energy source, 

an electromagnetic converter driven by the mechanical energy source and 
Q outputting electrical energy, a rotation controller operated with the electrical 
r% energy generated by the electromagnetic converter, hands driven under control by 
U the rotation controller, and the above-mentioned starter for the electromagnetic 
S) converter. 

With the timepiece having those features, because of including the starter for 
the electromagnetic converter which is used as a power generator, when the 
electromagnetic converter is stopped, for example, during the hand setting 
operation and the timepiece is then returned from the hand setting operation, the 
25 electromagnetic converter can be quickly started up at a predetermined rotational 
speed with stabihty. Accordingly, an error in indication of the time can be made 
very small and the timepiece can be operated with high accuracy. 

Also, a timepiece of the present invention comprises a mechanical energy 
source, a transmission wheel train for transmitting mechanical energy from the 

30 mechanical energy source, hands driven by the transmission wheel train and 
indicating the time of day, an electromagnetic converter including a rotor rotated 
through the transmission wheel train and outputting electrical energy, an 
electricity accumulator for accumulating an electromotive force generated by the 
electromagnetic converter, and a rotation controller operated by the electricity 

35 accumulator, the rotation controller including a reference-signal output circuit for 
outputting a reference signal, and a comparison-and-control signal output circuit for 
detecting a cycle of the rotor of the electromagnetic converter, comparing the 
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detected cycle with the reference signal, and outputting a comparison and control 
signal, wherein the timepiece further comprises the above-mentioned starter for the 
electromagnetic converter, the starter providing a rotating force to act on the 
transmission wheel train or the rotor in response to operation of an external 
5 operating member. 

With the timepiece having those features, similarly to the above timepiece, 
because of including the starter for the electromagnetic converter which is used as a 
power generator, when the electromagnetic converter is stopped, for example, 
during the hand setting operation and the timepiece is then returned from the hand 
10 setting operation, the electromagnetic converter can be quickly started up at a 
,~ predetermined rotational speed with stabihty. Accordingly, an error in indication of 
the time can be made very small and the timepiece can be operated with high 
i^j accuracy. 

:fr In this connection, preferably, the timepiece further comprises an electricity 

S5 accumulator being able to accumulate the electrical energy outputted from the 
^ electromagnetic converter and connected to the rotation controller through a 
fj mechanical switch, the mechanical switch being turned off in response to first 
IM= operation of the external operating member to disconnect the electricity 

accumulator from the rotation controller, and being turned on in response to second 
iS) operation of the external operating member to supply the electrical energy from the 

electricity accumulator to the rotation controller. 

With those features, for example, when the operation of the external 
operating member such as pulHng out the crown is performed for the hand setting, 
the mechanical switch is turned off, whereupon the electricity accumulator, e.g., a 
25 capacitor, is disconnected from the rotation controller (IC) and therefore the voltage 
of the electricity accumulator is maintained without being reduced. 

Accordingly, when the operation of the external operating member such as 
pushing in the crown is performed at the end of the hand setting, the mechanical 
switch is turned on, whereby the rotation controller can be started up with the 
30 power from the electricity accumulator maintained at a high voltage. Thus, a 
startup time of the rotation controller can be shortened and held constant. 

Preferably, the rotating force applied to the rotation target gear, the pinion or 
the rotor by the startup member is set to such a magnitude as causing the rotor of 
the electromagnetic converter to be started up at a reference speed. 

35 Here, the term "reference speed" implies a speed, e.g., 8 Hz, at which the 

hands coupled to the wheel train connected to the rotor is moved without errors. By 
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enabling the rotor to be started up for rotation at the reference speed, a period from 
the time at which the rotation controller is supphed with power for the startup to 
the time at which the rotation controller actually starts control, can be made in 
match with a period during which the hands are moved for indication of the time. 
5 As a result, an error in indication of the time can be eliminated. 

The invention according to Claim 24 resides in a timepiece comprising an 
electrical energy source, an electromagnetic converter driven by the electrical 
energy source and outputting mechanical energy, a rotation controller operated 
with electrical energy from the electrical energy source, hands driven under control 

10 by the rotation controller, and the above-mentioned starter for the electromagnetic 

^ converter. 

Bi With the timepiece having those features, because of including the starter for 

^ the electromagnetic converter which is used as a motor, when the electromagnetic 
ffi converter is stopped, for example, during the hand setting operation and the 
5^ timepiece is then returned from the hand setting operation, the electromagnetic 
J, converter can be quickly started up at a predetermined rotational speed with 
^ stability. Accordingly, an error in indication of the time can be made very small and 
f=i the timepiece can be operated with high accuracy. 

Brief Description of the Drawings 

20 Fig. 1 is a plan view showing principal part of an electronically controlled 

mechanical watch according to a first embodiment of the present invention. 

Fig. 2 is a sectional view showing principal part of the first embodiment. 

Fig. 3 is a sectional view showing principal part of the first embodiment. 

Fig. 4 is a diagram showing a control circuit of the first embodiment. 

25 Fig. 5 is a plan view showing a starter of the first embodiment in the hand 

driving state. 

Fig. 6 is a plan view showing the starter of the first embodiment in the hand 
setting state. 

Fig. 7 is a sectional view showing a winding stem portion of the first 
30 embodiment in the hand driving state. 

Fig. 8 is a sectional view showing the winding stem portion of the first 
embodiment in the hand setting state. 

Fig. 9 is a sectional view showing principal part of the first embodiment. 
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Fig. 10 is a sectional view showing principal part of the first embodiment. 

Fig. 11 is a plan view showing the starter of the first embodiment in the 
operative state. 

Fig. 12 is a plan view showing principal part of an electronically controlled 
5 mechanical watch according to a second embodiment of the present invention. 

Fig. 13 is a sectional view showing principal part of the second embodiment. 

Fig. 14 is a sectional view showing principal part of the second embodiment. 

Fig. 15 is a diagram showing a control circuit of the second embodiment. 

Fig. 16 is a plan view showing a starter of the second embodiment in the 
Co hand driving state. 

01 Fig. 17 is a plan view showing the starter of the second embodiment in the 

r3 hand setting state. 

Fig. 18 is a sectional view showing a winding stem portion of the second 
m embodiment in the hand driving state. 

i5 Fig. 19 is a sectional view showing the winding stem portion of the second 

H embodiment in the hand setting state. 

U Fig. 20 is a sectional view showing principal part of the second embodiment. 

1=^^ Fig. 21 is a sectional view showing principal part of the second embodiment. 

Fig. 22 is a plan view showing the starter of the second embodiment in the 
20 operative state. 

Fig. 23 is a plan view showing a starter of a third embodiment of the present 
invention in the hand driving state. 

Fig. 24 is a plan view showing the starter of the third embodiment in the 
hand setting state. 

25 Fig, 25 is a sectional view showing principal part of the third embodiment. 

Fig. 26 is a plan view showing principal part of a fourth embodiment of the 
present invention. 

Fig. 27 is a plan view showing principal part of a fifth embodiment of the 
present invention. 

30 Fig. 28 is a sectional view showing principal part of a fifth embodiment. 

Fig. 29 is a plan view showing principal part of a sixth embodiment of the 
present invention. 
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Fig. 30 is a plan view showing principal part of a seventh embodiment of the 
present invention. 

Fig. 31 is a side view showing principal part of the seventh embodiment. 

Fig. 32 is a side view showing principal part of a modification of the present 
5 invention. 

Fig. 33 is a schematic side view showing principal part of another 
modification of the present invention. 

Best Mode for Carrying Out the Invention 

O Hereinafter, embodiments of the present invention will be described with 

reference to the drawings. 

'2 [First Embodiment] 

fB An embodiment of the present invention will be described below in connection 

m with the drawings. 

Fig. 1 is a plan view showing principal part of an electronically controlled 
|€ mechanical watch according to a first embodiment of the present invention, and 
!H Figs. 2 and 3 are sectional views of the principal part. 

^ The electronically controlled mechanical watch includes a movement barrel 1 

comprising a mainspring la, a barrel wheel gear lb, a barrel arbor, and a barrel 
cover Id. The mainspring la has an outer end fixed to the barrel wheel gear lb and 

20 an inner end fixed to the barrel arbor. The barrel arbor is inserted through a barrel 
axle fixed to a main plate 2 and is fixed by a ratchet wheel screw 5 for rotation 
together with a ratchet wheel 4. 

The ratchet wheel 4 is meshed with a click (not shown) so that it is allowed to 
rotate counterclockwise, but checked from rotating clockwise. A manner of rotating 
25 the ratchet wheel 4 clockwise to wind up the mainspring la is similar to that 
employed in an automatically or manually wind-up mechanism of a mechanical 
watch, and therefore the manner is not described here. 

The rotation of the barrel wheel gear lb is transmitted to a power generator 
20 (rotor 12) after being sped up through a wheel train comprising a 2nd (center) 
30 wheel 7, a 3rd wheel 8, a 4th (second) wheel 9, a 5th first intermediate wheel 15, a 
5th second intermediate wheel 16, a 5th wheel 10, and a 6th wheel 11. These train 
wheels are supported by the main plate 2 and a train wheel bridge 3. 

The power generator 20 as an electromagnetic converter is made up of the 
rotor 12 and coil blocks 21, 22. The rotor 12 is made up of a rotor pinion 12a, a rotor 
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magnet 12b, and a rotor inertia disk 12c. The rotor inertia disk 12c serves to reduce 
variations in rotational speed of the rotor 12, which are caused due to variations in 
driving torque from the movement barrel 1, 

The coil blocks 21, 22 are each constructed by winding a coil 24 around a yoke 
5 23, Each yoke 23 has an integral structure comprising a stator portion 23c 
arranged adjacent to the rotor 12, a core portion 23b around which the coil 24 is 
wound, and a magnetically communicating portion 23a coupled to a counterpart of 
the other yoke. 

The yokes 23, i.e., the coils 24, are arranged parallel to each other. The rotor 
10 12 is arranged adjacent to the stator portions 23c with a rotor axis lying on a 
5 boundary line between the coils 24, and the stator portion 23c are arranged in 
m transversely symmetrical relation with respect to the boundary line. 

g In addition, as shown in Fig. 2, a positioning member 25 is disposed in a 

H stator hole 23d of each yoke 23 in which the rotor 12 is disposed. Then, a 

positioning jig 26 in the form of an eccentric pin is disposed midway each yoke 23 in 
- the longitudinal direction, i.e., between the stator portion 23c and the magnetically 
'r^ communicating portion 23a of each yoke 23. By turning the positioning jig 26, the 
P stator portion 23c of each yoke 23 is brought into abutment with the positioning 
y member 25. As a result, the stator portions 23c can be precisely and simply 
20 positioned in place, and opposing side surfaces of the magnetically communicating 

portion 23a can be positively contacted with each other. 

The coils 24 are formed in the same number of windings. The term "the same 
number" includes not only the case where the numbers of windings are exactly 
equal to each other, but also the case where there is some error in the number of 
25 windings between the coils at such a level negUgible from the entire coil, for 
example, on the order of several hundreds turns. 

The magnetically communicating portions 23a of the yokes 23 are coupled to 
each other through contact between their opposing side surfaces. Also, lower 
surfaces of the magnetically communicating portions 23a are held in contact with 

30 an auxihary yoke for magnetic communication, not shown, which is arranged in 
bridging relation with respect to both the magnetically communicating portions 23a. 
With such an arrangement, the magnetically communicating portions 23a form two 
magnetically communicating paths, i.e., a magnetically communicating path 
passing the side surfaces of the magnetically communicating portions 23a and a 

35 magnetically communicating path passing the lower surfaces of the magnetically 
communicating portions 23a and the auxiliary yoke for magnetic communication. 
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Thus, the yokes 23 form a looped magnetic circuit. The coils 24 are wound in the 
same direction along the longitudinal direction of each of the yokes 23 from the 
magnetically communicating portion 23a to the stator portion 23c. 

Ends of the coils 24 are connected to coil lead boards, not shown, provided on 
5 the magnetically communicating portions 23a of the yokes 23. 

A control circuit of the electronically controlled mechanical watch will now be 
described with reference to Fig, 4. 

An AC output from the power generator 20 is boosted and rectified through a 
boosting/rectifying circuit comprising a boosting capacitor 121 and diodes 122, 123. 

|Hp A resulting current is charged in a smoothing capacitor 130. Connected to the 
capacitor 130 is a rotation controller 150 comprising an IC 151 and a quartz 

^^j oscillator 152. The capacitor 130 is a layered ceramic capacitor having a relatively 
small capacity of about 0.5 |aF. An electrolytic capacitor or the like may also be used 
as the capacitor 130, but a layered ceramic capacitor is more preferable because it 

lOK has a longer life than an electrolytic capacitor and can provide a product life at a 
level of several tens years. 

!!: When a predetermined voltage enough to drive the IC 151 and the quartz 

hi oscillator 152, e.g., a voltage of 1 V, is accumulated in the capacitor 130, the IC 151 
D and the quartz oscillator 152 are driven by the accumulated power to vary the 
"20 amount of a current flowing through the coils of the power generator 20. As a 
result, the intensity of electromagnetic brake is adjusted to govern the cycle of 
rotation of the power generator 20, i.e., hands. More specifically, the IC 151 of the 
rotation controller 150 includes a reference-signal output circuit for outputting a 
reference signal using an oscillation signal from the quartz oscillator 152, and a 
25 comparison- and-control signal output circuit for detecting a cycle of the rotor 12 of 
the power generator 20 as an electromagnetic converter, comparing the detected 
cycle with the reference signal, and outputting a comparison and control signal. In 
accordance with the comparison and control signal, the amount of a current flowing 
through the coils of the power generator 20 is varied to govern the cycle of rotation 
30 of the power generator 20. Alternatively, the manner of governing and controlling 
the power generator 20 may be carried out by using a chopping control scheme. In 
such a case, a switch or the like is provided which can connect output terminals of 
the power generator 20 into the closed loop state. The switch is intermittently 
turned on and off in accordance with the comparison and control signal, whereby 
35 short brake is applied to the power generator 20 for governing it. 
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Further, a capacitor 132 serving as an electricity accumulator is connected to 
the capacitor 130 via a switch 131. The capacitor 132 has a relatively large capacity 
of about 5 |j.F. 

The switch 131 is constructed, as described later, by a mechanical switch that 
5 is turned on when a not-shown crown (external operating member) is manipulated 
and a winding stem is set to the zero-th stage (normal hand driving mode) or the 
first stage (calendar correcting mode), and is turned off when the winding stem is 
set to the second stage (hand setting mode). Therefore, when the power generator 
20 is in operation, the power from the power generator 20 is accumulated in not 
10 only the capacitor 130, but also the capacitor 132. When the power generator 20 is 

0 stopped during the hand setting operation, the switch 131 is turned off and hence 
IS the voltage of the capacitor 132 is maintained. Thus, when the switch 131 is turned 
-J on upon the crown being operated to the zero-th or first stage after setting the 

1 hands right, the capacitor 130 is momentarily charged with the power from the 
SI capacitor 132 and a predetermined voltage is applied to the IC 151, Accordingly, 
ffl the IC 151 is started up after about 1 second from application of the voltage. 

O Means fox varying the amount of a current flowing through the coils can be 

Ipl effectively implemented, for example, by a method of changing resistance of a load 
U control circuit connected in parallel to both the terminals of the power generator 20 
W as disclosed in Embodiment 1 of Japanese Unexamined Patent Application 

Pubhcation No. 8-101284, or a method of changing the number of boosting steps as 

disclosed in Embodiment 2 thereof. 

In the electronically controlled mechanical watch described above, as shown 
in Figs. 5 - 8, by operating a winding stem 31 connected to the not-shown crown, the 
25 ratchet wheel 4 is rotated through a winding pinion 32, a crown wheel 33, etc., 
whereby the mainspring la is wound up. 

The operation of setting minute and second hands right is performed by 
pulling out the crown, axially moving the winding stem 31 and setting it to the 
second stage, moving a sliding pinion 35 toward a setting wheel 36 to mesh them 
30 with each other under the action of a setting lever 40, a yoke holder 41 and a yoke 
42, and moving the setting wheel 36 toward a minute wheel 38 by a setting wheel 
lever 43 to mesh them with each other, thereby rotating an hour pinion 6a and an 
hour wheel 6b, as shown in Fig. 2. 

Additionally, when the winding stem 31 is set to the first stage, the setting 
35 wheel lever 43 is not moved and only the yoke 42 is moved to mesh the sliding 
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pinion 35 with the setting wheel 36. Therefore, the calendar can be corrected 
through a calendar corrector transmitting wheel 45. 

The electronically controlled mechanical watch further includes a starter 
operated by manipulating the crown, more concretely, a rotation driving means 50 
5 serving as a startup member. The starter (rotation driving means) 50 is made up of 
a startup spring 60 for rotating the 6th wheel 11 midway the wheel train and 
driving the power generator 20, a reset lever 70 moved with movement of the 
setting lever 40 and being able to bias the startup spring 60, and a train wheel 
setting lever 80 moved with movement of the reset lever 70 and engaged with the 
10 4th wheel 9, which rotates the second hand, for restricting rotation of the 4th wheel 

01 The setting lever 40 is, as shown in Figs. 5 and 6, supported rotatably about a 

2 shaft 40a and engaged with the winding stem 31. Then, the setting lever 40 
iffl includes a positioning pin 40b engageable with any of three engagement grooves 
ft 41a, 41b, 41c formed in the yoke holder 41, and a pin 40c engaged in grooves 43a, 71 
7 formed respectively in the setting wheel lever 43 and the reset lever 70, the pin 40c 
p being also shown in Fig. 9. Further, a corner portion of the setting lever 40 is 
h constructed to be able to contact the yoke 42 for turning the same. 

IS The yoke holder 41 is constructed such that the position of the winding stem 

a€ 31, i.e., of the crown, can be set to any of three stages, i.e., zero-th, first and second 

stages, by engaging the positioning pin 40b of the setting lever 40 in corresponding 

one of the engagement grooves 41a - 41c. 

The yoke 42 is supported rotatably about a shaft 42a. The yoke 42 has one 
end engaged with the sliding pinion 35. Therefore, when the winding stem 31 is 
25 pulled out to the first or second stage and the setting lever 40 is rotated 
counterclockwise in the drawings, the one end of the yoke 42, i.e., the sliding pinion 
35, is pushed by the setting lever 40 to move toward the center of the watch for 
engagement with the setting wheel 36. 

Upon the pin 40c being moved in the groove 43a, the setting wheel lever 43 is 
30 turned about a shaft 43b. In this connection, a shape of the groove 43a is designed 
such that the setting wheel lever 43 is allowed to move in two steps; one step in 
which the crown is set to the zero-th or first stage and the other step in which the 
crown is set to the second stage. The setting wheel 36 is attached to the setting 
wheel lever 43, as described above, and with the movement of the setting wheel 
35 lever 43, the setting wheel 36 is moved toward the center of the watch for 
engagement with the minute wheel 38. 
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Moreover, as shown in Figs. 7 and 8, with such an arrangement that a shaft 
of the calendar corrector transmitting wheel 45 is inserted through a hole formed in 
the setting wheel lever 43 and the setting wheel 36 is fitter over the shaft of the 
calendar corrector transmitting wheel 45, the setting wheel 36 is attached to the 
5 setting wheel lever 43 to be able to turn together with the calendar corrector 
transmitting wheel 45. 

The reset lever 70 is supported rotatably about a shaft 72. A shape of the 
groove 71 is designed such that the reset lever 70 is likewise allowed to move in two 
steps; one step in which the crown is set to the zero-th or first stage and the other 
10 step in which the crown is set to the second stage. 

5 The reset lever 70 includes a latch portion 73 capable of engaging with a 

01 pinion 11a of the 6th wheel 11, which is a rotation target gear, and latching the 
J pinion 11a into the non-rotatable state, a startup -spring biasing portion 74 for, 
M when the latch portion 73 is engaged with the pinion 11a, biasing the startup spring 
JfS 60 through a predetermined amount and bringing an engaging portion 63 at a fore 
B end of the startup spring 60 into engagement with an engaged portion (tooth) of the 
H rotation target gear 11a, and two switch portions 75a, 75b arranged in a hole 90 
Q formed in a circuit board. Thus, the reset lever 70 constitutes a startup-spring 
y operating member. 

M) As shown in Figs. 5 and 6, the switch portion 75a of the reset lever 70 is 

brought into contact with the circuit board when the winding stem 31 is in the zero- 
th or first stage, and is moved away from the circuit board when the winding stem 
31 is in the second stage. This mechanical switch portion 75a of the reset lever 70 
constitutes the aforesaid switch 131 for the capacitor 132. 

25 Also, the switch portion 75b of the reset lever 70 is brought into contact with 

the circuit board at one side of the hole 90 when the winding stem 31 is in the zero- 
th or first stage, and is brought into contact with the circuit board at the other side 
of the hole 90 when the winding stem 31 is in the second stage. Such an 
arrangement makes it possible to detect whether the winding stem 31 is in one of 

30 the zero-th and first stages or the second stage. 

The startup spring 60 is formed of a leaf spring and has a base end portion 
fixed to a set pin 61 by caulking. As also shown in Fig. 10, the set pin 61 is press- 
fitted to the main plate (base) and is rotatable by inserting a minus driver or the 
like in a groove 62 formed in the surface of the set pin 61. 

35 Further, the material and size of the startup spring 60 may be appropriately 

set in practice. In this embodiment, the startup spring 60 is made of the same 
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constant-modulus material as a hairspring for use in mechanical watches, and has a 
thickness of 0.035 mm and a height of 0.15 mm with a 3.7 mm-length portion 
projecting from the pin 61. 

The train wheel setting lever 80 is rotatable about a shaft 81 and has one end 
5 portion 82 engaged in an engagement hole 76 of the reset lever 70 so as to turn with 
turning of the reset lever 70. The other end portion 83 of the train wheel setting 
lever 80 is bent upward such that it is able to engage with the 4th wheel 9. 

The operation of the starter 50 in this embodiment will be described. 

First, when the crown is in the normal pushed-in position, as shown in Fig. 5, 

t@ the positioning pin 40b of the setting lever 40 is engaged in the engagement groove 

g 41a of the yoke holder 41, and the pin 40c is engaged in the grooves 43a, 71 of the 

^ j setting wheel lever 43 and the reset lever 70. In this condition, the sliding pinion 35 

=P is engaged with the winding pinion 32. By turning the crown, therefore, the ratchet 

Si wheel 4 is rotated through the winding stem 31, the sliding pinion 35, the winding 

W pinion 32 and the crown wheel 33, whereby the mainspring la can be wound up. 

Q Also, the setting wheel 36 is held in a position out of engagement with the 

^ minute wheel 38. Further, the latch portion 73 and the startup-spring biasing 

5 portion 74 of the reset lever 70 are held in positions apart away from the pinion 11a 

O and the startup spring 60, respectively, and the train wheel setting lever 80 is held 

20 in a position apart away from the 4th wheel 9. 

Then, as shown in Fig. 6, when the crown is pulled out to the second stage, 
the setting lever 40 is rotated counterclockwise about the shaft 40a and the 
positioning pin 40b of the setting lever 40 is engaged in the engagement groove 41b 
of the yoke holder 41. Simultaneously, the end portion of the yoke 42 is pushed by 

25 the corner portion of the setting lever 40 toward the center of the watch, causing the 
sliding pinion 35 to move toward the setting wheel 36. Also, the setting wheel lever 
43 is rotated clockwise about the shaft 43b by the pin 40c of the setting lever 40, 
causing the setting wheel 36 to move toward the minute wheel 38. As a result, the 
sliding pinion 35 is engaged with the setting wheel 36 and the setting wheel 36 is 

30 engaged with the minute wheel 38 so that the time setting can be made by turning 
the crown. 

At the same time, the reset lever 70 is rotated counterclockwise about the 
shaft 72. With the rotation of the reset lever 70, the train wheel setting lever 80 is 
rotated clockwise and engaged with the 4th wheel 9. The 4th wheel 9, i.e., the 
35 second hand, is thereby restricted from rattling due to backlash in the rotating 
direction during the hand setting operation. 
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Further, the startup spring 60 is biased by the startup -spring biasing portion 
74 of the reset lever 70 and is deflected to such an extent that the engaging portion 
63 at the fore end of the startup spring 60 is engaged with one tooth, i.e., the 
engaged portion, of the 6th pinion 11a. On this occasion, since the latch portion 73 
5 of the reset lever 70 is engaged with another tooth of the 6th pinion 11a, the amount 
of biasing (deflection) of the startup spring 60 is always maintained constant. 

When the crown is pushed in to finish the hand setting operation after 
turning the crown and setting the hands right, the setting lever 40 is rotated 
clockwise and the pin 40c is moved within the groove 71 in interlock with the 

10 pushing- in of the crown, as shown in Fig. 11. The reset lever 70 is thereby rotated 

p clockwise for return to the original position. 

m Also, with the movement of the reset lever 70, the train wheel setting lever 

80 is rotated counterclockwise and the other end portion 83 of the lever 80 is 
S disengaged from the 4th wheel 9, allowing the second hand to rotate. 

^ Further, the latch portion 73 and the startup -spring biasing portion 74 are 

:~ quickly disengaged from the 6th wheel pinion 11a and the startup spring 60, 
respectively, with the movement of the reset lever 70. 

|H Therefore, the startup spring 60 is also returned to the original position by its 

own spring force. At this time, the engaging portion 63 at the fore end of the 

M) startup spring 60 is moved in the tangential direction of the 6th wheel pinion 11a, 
whereupon a mechanical rotating force is applied to the 6th wheel 11 in the 
direction of arrow. With the rotation of the 6th wheel 11, the rotor 12 is rotated and 
the hands are moved through the wheel train comprising the 5th wheel 10, the 5th 
second intermediate wheel 16, the 5th first intermediate wheel 15, the 4th wheel 9, 

25 etc. 

The rotating force thus produced may be appropriately set in practice. In this 
embodiment, the produced rotating force is set to a level enough to rotate the rotor 
12 at the reference speed (speed at which the hands are allowed to move precisely, 
i.e., speed at which the second hand, for example, is moved in one second through a 
30 angular distance corresponding to one second; e.g., 8 Hz). 

Upon the crown being pushed in for return from the hand setting operation, 
the power generator 20 starts to operate. At this startup of the power generator 20, 
the rotating force applied to the 6th pinion 11a by the startup spring 60 is 
transmitted to the rotor 12 in addition to the rotating force from the mainspring la. 
35 Accordingly, a large rotating force is temporarily applied to the rotor 12, whereby 
the rotor 12 is rotated at an increased speed as soon as the startup and the power 
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outputted from the power generator 20 is increased up to a large value in a short 
time. 

This embodiment thus constructed has the following advantages. 

(1) A mechanical rotating force is applied to the 6th wheel 11 by providing the 
starter 50 including at least the reset lever 70 and the startup spring 60 which are 
operated in interlock with the manipulation of pushing in the crown for return from 
the hand setting operation. At the startup of the power generator 20, therefore, the 
mechanical rotating force produced by the starter 50 can be applied to the rotor 12 
of the power generator 20 through the wheel train in addition to the rotating force 
from the mainspring la. Accordingly, a large rotating force is temporarily apphed 
to the rotor 12, whereby the rotor 12 can be rotated at an increased speed as soon as 
the startup and the power outputted from the power generator 20 can be increased 
up to a large value in a short time. It is hence possible to shorten a period of time 
taken from the start of driving of the power generator 20 to the start of operation of 
the rotation controller 150 and reduce an error in the time setting. 

(2) The rotating force produced by the starter 50 can be set only by the 
startup spring 60, i.e., a resiUent force of a single spring, and there is no need of 
considering balance between resilient forces of a plurality of springs unlike the 
known method. This enables the rotating force to be simply set with good accuracy. 
It is therefore possible to avoid such a possibility that the rotating force applied to 
the 6th pinion 11a is too small to rotate (start up) the rotor 12, or that the rotating 
force is too great and the 6th pinion 11a is rotated too quick even with brake 
applied. As a result, the rotating force can be always applied at an appropriate 
level. 

(3) Since the groove 62 is formed in the pin 61 to which the startup spring 60 
is fixed, the initial position of the startup spring 60, i.e., the deflection of the startup 
spring 60 caused by the startup -spring biasing portion 74, can be easily adjusted by 
simply rotating the pin 61 with a driver or the like. As a result, the rotating force 
can be easily set with good accuracy. 

(4) Since the rotating force produced by the startup spring 60 is applied to the 
6th pinion 11a having a small diameter, the amount by which the startup spring 60 
engages with the 6th pinion 11a in the longitudinal direction of the spring can be 
increased, and the engaging portion 63 of the startup spring 60 can be positively 
brought into engagement with the engaged portion of the pinion 11a. Further, since 
the rotating force is applied to the pinion 11a of the 6th wheel 11 just one step 
before the rotor 12, the rotor 12 can be positively started up. More specifically, in 
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the above-described embodiment, the startup spring 60 has a spring force of about 
0,4 g. Also, the pitch circle radius of the pinion 11a is 0,5 mm. Therefore, the 
startup spring 60 produces a torque of 0.4 g x 0.5 mm = 0.2 gmm - 200 mgmm (1.96 
X 10-^ N m in terms of the internal unit system, a numeral value in ( ) similarly 
represents a converted one hereinafter). Then, assuming that the torque 
transmission efficiency is 0,8 x 0.8 = 0.64 and the speed-up ratio is 8, a torque 
applied to the rotor 12 is given by 200 x 0.64/8 = 16 mgmm (1.57 x 10"^ N m). On 
the other hand, since a cogging torque of the rotor 12 is 1 mgmm (9.8 x 10-9 N-m), 
the above torque (16 mgmm) is much greater than the cogging torque, and therefore 
the rotor 12 can be positively started up (rotated) by applying the above torque. 

For example, if the startup spring 60 is engaged with a 5th pinion for starting 
up the rotor 12, a produced torque is given by 16/5 x 0.8 = 2.6 mgmm (2.55 x IQ-^ 
N m) on condition that the speed-up ratio from the 5th wheel 10 to the 6th wheel 11 
is 5 and the torque transmission efficiency is 0.8. Hence a difference between the 
produced torque and the cogging torque is small. Taking into account variations, 
therefore, there is a risk that the rotor 12 may not be positively started up. 
Consequently, by applying the rotating force to the 6th pinion 11a like the 
embodiment, the rotor can be always started up with stability. 

(5) Since the engaging portion 63 of the startup spring 60, which is brought 
into engagement with the 6th pinion 11a, is moved in the tangential direction, i.e., 
the rotating direction, of the 6th pinion 11a, the efficiency in rotating the 6th pinion 
11a by the startup spring 60 can be so increased that the rotor can be always 
started up with stability. 

In the above-described embodiment, for example, the inertial moment of the 
rotor 12 including the inertia disk 12c is 1.4 x lO ^o kgm^. When the rotor 12 having 
the above inertial moment is rotated at 8 Hz, kinetic energy is given by 1.4 x 10"io x 
(271 X 8)2/2 = 1.8 X lO"'^' [J]. On the other hand, the startup spring 60 produces 
energy of 1 x 10-^ [J], and therefore the efficiency r| is given by 1.8 x 10"'^ /I x 10-^ = 
18 %. Thus, the efficiency can be increased up to a higher level than a conventional 
value of 5 % or below, and the rotor 12 can be started up with stability. 

(6) Since the startup spring 60 is biased by the startup-spring biasing portion 
74 of the reset lever 70 and the latch portion 73 of the reset lever 70 is engaged with 
the 6th pinion 11a, the amount of biasing (movement) of the startup spring 60 can 
be always maintained constant. As a result, the resihent force of the startup spring 
60, i.e., the force applied to the 6th pinion 11a, can be always kept constant and the 
rotor 12 can be positively started up with stability. 
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(7) There are provided the switch 131 (switch portion 75a) intermittently 
turned on and off in response to manipulation of the crown, and the capacitor 132 
connected to the IC 151 through the switch 131. Accordingly, the voltage of the 
capacitor 132 can be maintained during the hand setting operation in which the 
power generator 20 is stopped, and the capacitor 130 can be momentarily charged 
with the power from the capacitor 132 and a predetermined voltage can be applied 
to the IC 151 when the crown is pushed in for return from the hand setting 
operation. Hence the IC 151 can be started up quickly, for example, in about 1 
second. 

(8) Since the force applied from the startup spring 60 to the 6th pinion 11a 
can be kept constant, it is also possible to always start up and rotate the rotor 12 at 
the reference speed. This enables the hands to be precisely moved during a period 
from the time at which the rotation controller 150 is supplied with power for the 
startup to the time at which the rotation controller 150 actually starts control, e.g., 
a period of about one second. As a result, an error in indication of the time can be 
eliminated. 

(9) Since the rotor 12 can be started up by additionally applying a mechanical 
rotating force, the power generator 20 may have a core which makes it harder to 
start up the power generator 20 because of the presence of cogging torque. Using 
the power generator 20 provided with a core is advantageous in that the rotor 
magnet 12b of the rotor 12 can be reduced in size and impact resistance can be 
enhanced. Thus, the electronically controlled mechanical watch can be made 
smaller in size and more resistant against an impact. 

(10) The reset lever 70 can be moved at a constant speed regardless of the 
speed at which the crown is pushed in. Upon departing away from the startup 
spring 60, therefore, the reset lever 70 can also be quickly moved and the rotating 
force applied from the startup spring 60 to the 6th pinion 11a can be always kept 
constant. Accordingly, a stable and constant rotating force can be applied to the 
rotor 12 and there is no need of considering, e.g., the pushing-in speed of the crown, 
thus resulting in improved operability. 

(11) The starter 50, i.e., the reset lever 70, the startup spring 60 and the train 
wheel setting lever 80, are operated in interlock with the operation of pushing in 
the crown (external operating member), i.e., the manipulation to effect return from 
the hand setting. Therefore, the starter 50 can be operated without needing 
consciousness of an operator, and operability can be further improved. 
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(12) Since the train wheel setting lever 80 capable of engaging with the 4th 
wheel 9 is provided, the second hand can be prevented from ratthng due to backlash 
during the hand setting operation, whereby the hand setting operation can be easily 
and precisely performed. 

5 [Second Embodiment] 

Next, a second embodiment of the present invention will be described. Note 
that, in the following embodiments, the same or similar components as those in the 
above embodiment are denoted by the same symbols and a description thereof is 
omitted or abridged. 

10 Fig. 12 is a plan view showing principal part of an electronically controlled 

mechanical watch according to a second embodiment of the present invention, and 
Oi Figs. 13 and 14 are sectional views of the principal part. 

The electronically controlled mechanical watch includes a movement barrel 1 
^ comprising a mainspring la serving as a mechanical energy source, a barrel wheel 
|# gear lb, a barrel arbor, and a barrel cover Id. The mainspring la has an outer end 
fixed to the barrel wheel gear lb and an inner end fixed to the barrel arbor. The 
lu barrel arbor is inserted through a barrel axle fixed to a main plate 2 and is fixed by 
O a ratchet wheel screw 5 for rotation together with a ratchet wheel 4. 

D The ratchet wheel 4 is meshed with a click (not shown) so that it is allowed to 

Sb rotate counterclockwise, but checked from rotating clockwise. A manner of rotating 
the ratchet wheel 4 clockwise to wind up the mainspring la is similar to that 
employed in an automatically or manually wind-up mechanism of a mechanical 
watch, and therefore the manner is not described here. 

The rotation of the barrel wheel gear lb is transmitted to a power generator 
25 20 (rotor 12) after being sped up through a wheel train comprising a 2nd (center) 
wheel 7, a 3rd wheel 8, a 4th (second) wheel 9, a 5th first intermediate wheel 15, a 
5th second intermediate wheel 16, a 5th wheel 10, and a 6th wheel 11. These train 
wheels are supported by the main plate 2 and a train wheel bridge 3. 

The power generator 20 is made up of the rotor 12 and coil blocks 21, 22. The 
30 rotor 12 is made up of a rotor pinion 12a, a rotor magnet 12b, and a rotor inertia 
disk 12c. The rotor inertia disk 12c serves to reduce variations in rotational speed 
of the rotor 12, which are caused due to variations in driving torque from the 
movement barrel 1. A wave-shaped tooth profile 12d is formed all over an outer 
peripheral edge surface defined as an outer peripheral portion of the rotor inertia 
35 disk 12c. 
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Further, the rotor inertia disk 12c is attached to a rotor's rotating shaft 
through a shp mechanism. The shp mechanism is implemented by controUing a 
fitting force of the rotor inertia disk 12c to the rotor's rotating shaft, or providing a 
rubber or the hke, not shown, in a fitting portion between the rotor inertia disk 12c 
5 and the rotor's rotating shaft. When a force greater than a predetermined value is 
applied to the rotor inertia disk 12c, there occurs a slip between the rotor's rotating 
shaft and the rotor inertia disk 12c, and the rotor's rotating shaft, i.e., the rotor 
magnet 12b, is suppressed from rotating at a speed higher than a predetermined 
value. Thus, the rotor magnet 12b is rotated substantially at a constant speed. 

10 The coil blocks 21, 22 are each constructed by winding a coil 24 around a yoke 

5 23. Each yoke 23 has an integral structure comprising a stator portion 23c 

m arranged adjacent to the rotor 12, a core portion 23b around which the coil 24 is 
wound, and a magnetically communicating portion 23a coupled to a counterpart of 

'fQ the other yoke. 

|S The yokes 23, i.e., the coils 24, are arranged parallel to each other. The rotor 

r 12 is arranged adjacent to the stator portions 23c with a rotor axis lying on a 

IP boundary line between the coils 24, and the stator portion 23c are arranged in 

o transversely symmetrical relation with respect to the boundary line. 

□ In addition, as shown in Fig. 13, a positioning member 25 is disposed in a 

feO stator hole 23d of each yoke 23 in which the rotor 12 is disposed. Then, a 
positioning jig 26 in the form of an eccentric pin is disposed midway each yoke 23 in 
the longitudinal direction, i.e., between the stator portion 23c and the magnetically 
communicating portion 23a of each yoke 23. By turning the positioning jig 26, the 
stator portion 23c of each yoke 23 is brought into abutment with the positioning 
25 member 25. As a result, the stator portions 23c can be precisely and simply 
positioned in place, and opposing side surfaces of the magnetically communicating 
portion 23a can be positively contacted with each other. 

The coils 24 are formed in the same number of windings. The term "the same 
number" includes not only the case where the numbers of windings are exactly 
30 equal to each other, but also the case where there is some error in the number of 
windings between the coils at such a level neghgible from the entire coil, for 
example, on the order of several hundreds turns. 

The magnetically communicating portions 23a of the yokes 23 are coupled to 
each other through contact between their opposing side surfaces. Also, lower 
35 surfaces of the magnetically communicating portions 23a are held in contact with 
an auxiliary yoke for magnetic communication, not shown, which is arranged in 
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bridging relation with respect to both the magnetically communicating portions 23a. 
With such an arrangement, the magnetically communicating portions 23a form two 
magnetically communicating paths, i.e., a magnetically communicating path 
passing the side surfaces of the magnetically communicating portions 23a and a 
5 magnetically communicating path passing the lower surfaces of the magnetically 
communicating portions 23a and the auxihary yoke for magnetic communication. 
Thus, the yokes 23 form a looped magnetic circuit. The coils 24 are wound in the 
same direction along the longitudinal direction of each of the yokes 23 from the 
magnetically communicating portion 23a to the stator portion 23c. 

10 Ends of the coils 24 are connected to coil lead boards, not shown, provided on 

rj the magnetically communicating portions 23a of the yokes 23. 

m A control circuit of the electronically controlled mechanical watch will now be 

Si described with reference to Fig. 15. 

iB An AC output from the power generator 20 is boosted and rectified through a 

% boosting/rectifying circuit comprising a boosting capacitor 121 and diodes 122, 123. 

r A resulting current is charged in a smoothing capacitor 130. Connected to the 

O capacitor 130 is a rotation controller 150 comprising an IC 151 and a quartz 

ft oscillator 152. The capacitor 130 is a layered ceramic capacitor having a relatively 

U small capacity of about 0.5 |liF. An electrolytic capacitor or the like may also be used 

M) as the capacitor 130, but a layered ceramic capacitor is more preferable because it 

has a longer life than an electrolytic capacitor and can provide a product life at a 

level of several tens years. 

When a predetermined voltage enough to drive the IC 151 and the quartz 
oscillator 152, e.g., a voltage of 1 V, is accumulated in the capacitor 130, the IC 151 

25 and the quartz oscillator 152 are driven by the accumulated power to vary the 
amount of a current flowing through the coils of the power generator 20. As a 
result, the intensity of electromagnetic brake is adjusted to govern the cycle of 
rotation of the power generator 20, i.e., hands. Also in this embodiment, the IC 151 
of the rotation controller 150 includes a reference-signal output circuit for 

30 outputting a reference signal using an oscillation signal from the quartz oscillator 
152, and a comparison-and-control signal output circuit for detecting a cycle of the 
rotor 12 of the power generator 20 as an electromagnetic converter, comparing the 
detected cycle with the reference signal, and outputting a comparison and control 
signal. In accordance with the comparison and control signal, the amount of a 

35 current flowing through the coils of the power generator 20 is varied to govern the 
cycle of rotation of the power generator 20. Alternatively, the manner of governing 
and controlling the power generator 20 may be carried out by using a chopping 
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control scheme. In such a case, a switch or the hke is provided which can connect 
output terminals of the power generator 20 into the closed loop state. The switch is 
intermittently turned on and off in accordance with the comparison and control 
signal, whereby short brake is applied to the power generator 20 for governing it. 

5 Further, a capacitor 132 serving as an electricity accumulator is connected to 

the capacitor 130 via a switch 131. The capacitor 132 has a relatively large capacity 
of about 5 \xF. 

The switch 131 is constructed, as described later, by a mechanical switch that 
is turned on when a not-shown crown (external operating member) is manipulated 
IP and a winding stem is set to the zero-th stage (normal hand driving mode) or the 
lij first stage (calendar correcting mode), and is turned off when the winding stem is 
set to the second stage (hand setting mode). Therefore, when the power generator 
20 is in operation, the power from the power generator 20 is accumulated in not 
ffl only the capacitor 130, but also the capacitor 132. When the power generator 20 is 
!1S stopped during the hand setting operation, the switch 131 is turned off and hence 
H the voltage of the capacitor 132 is maintained. Thus, when the switch 131 is turned 
Jt on upon the crown being operated to the zero-th or first stage after setting the 
□ hands right, the capacitor 130 is momentarily charged with the power from the 
capacitor 132 and a predetermined voltage is applied to the IC 151. Accordingly, 
^ the IC 151 is started xip after about 1 second from application of the voltage. 

Means for varying the amount of a current flowing through the coils can be 
effectively implemented, for example, by a method of changing resistance of a load 
control circuit connected in parallel to both the terminals of the power generator 20 
as disclosed in Embodiment 1 of Japanese Unexamined Patent Application 
25 Publication No. 8-101284, or a method of changing the number of boosting steps as 
disclosed in Embodiment 2 thereof. 

In the electronically controlled mechanical watch described above, as shown 
in Figs. 16 - 19, by operating a winding stem 31 connected to the not-shown crown, 
the ratchet wheel 4 is rotated through a winding pinion 32, a crown wheel 33, etc., 
30 whereby the mainspring la is wound up. 

The operation of setting minute and second hands right is performed by 
pulling out the crown, axially moving the winding stem 31 and setting it to the 
second stage, moving a sliding pinion 35 toward a setting wheel 36 to mesh them 
with each other under the action of a setting lever 40, a yoke holder 41 and a yoke 
35 42, and moving the setting wheel 36 toward a minute wheel 38 by a setting wheel 
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lever 43 to mesh them with each other, thereby rotating an hour pinion 6a and an 
hour wheel 6b, as shown in Fig. 13. 

Additionally, when the winding stem 31 is set to the first stage, the setting 
wheel lever 43 is not moved and only the yoke 42 is moved to mesh the sliding 
5 pinion 35 with the setting wheel 36. Therefore, the calendar can be corrected 
through a calendar corrector transmitting wheel 45. 

The electronically controlled mechanical watch further includes a starter 
operated by manipulating the crown. The starter 50 includes a reset lever 70 
moved with movement of the setting lever 40 and serving as a startup member 

10 which directly applies a rotating force to the rotor 12 for rotating it. 

The setting lever 40 is, as shown in Figs. 16 and 17, supported rotatably 
!::! about a shaft 40a and engaged with the winding stem 31. Then, the setting lever 40 
includes a positioning pin 40b engageable with any of three engagement grooves 
JiJ 41a, 41b, 41c formed in the yoke holder 41, and a pin 40c engaged in grooves 43a, 71 

11 formed respectively in the setting wheel lever 43 and the reset lever 70, the pin 40c 
being also shown in Fig. 20. Further, a corner portion of the setting lever 40 is 

rr constructed to be able to contact the yoke 42 for turning the same. 

2 The yoke holder 41 is constructed such that the position of the winding stem 

O 31, i.e., of the crown, can be set to any of three stages, i.e., zero-th, first and second 
M) stages, by engaging the positioning pin 40b of the setting lever 40 in corresponding 
one of the engagement grooves 41a - 41c. 

The yoke 42 is supported rotatably about a shaft 42a. The yoke 42 has one 
end engaged with the sliding pinion 35. Therefore, when the winding stem 31 is 
pulled out to the first or second stage and the setting lever 40 is rotated 
25 counterclockwise in the drawings, the one end of the yoke 42, i.e., the sliding pinion 
35, is pushed by the setting lever 40 to move toward the center of the watch for 
engagement with the setting wheel 36. 

Upon the pin 40c being moved in the groove 43a, the setting wheel lever 43 is 
turned about a shaft 43b. In this connection, a shape of the groove 43a is designed 

30 such that the setting wheel lever 43 is allowed to move in two steps; one step in 
which the crown is set to the zero-th or first stage and the other step in which the 
crown is set to the second stage. The setting wheel 36 is attached to the setting 
wheel lever 43, as described above, and with the movement of the setting wheel 
lever 43, the setting wheel 36 is moved toward the center of the watch for 

35 engagement with the minute wheel 38. 
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Moreover, as shown in Figs. 18 and 19, with such an arrangement that a 
shaft of the calendar corrector transmitting wheel 45 is inserted through a hole 
formed in the setting wheel lever 43 and the setting wheel 36 is fitter over the shaft 
of the calendar corrector transmitting wheel 45, the setting wheel 36 is attached to 
5 the setting wheel lever 43 to be able to turn together with the calendar corrector 
transmitting wheel 45. 

The reset lever 70 is supported rotatably about a shaft 72, as also shown in 
Fig. 21. A shape of the groove 71 is designed such that the reset lever 70 is hkewise 
allowed to move in two steps; one step in which the crown is set to the zero-th or 
10 first stage and the other step in which the crown is set to the second stage. 

5 The reset lever 70 includes an engaging portion 77 capable of engaging with 

ff^ an engaged portion, i.e., the tooth profile 12d of the rotor inertia disk 12c, which 
1^ constitutes the outer peripheral portion of the rotor 12, and two switch portions 75a, 
03 75b arranged in a hole 90 formed in a circuit block 180. 

W The reset lever 70 is arranged such that when the crown is pulled out to the 

•i^ second stage, the engaging portion 77 is engaged with the tooth profile 12d of the 
rotor inertia disc 12c, and when the crown is pushed in, the engaging portion 77 is 
O moved for applying a rotating force to the rotor inertia disc 12c. 

O As shown in Figs. 16 and 17, the switch portion 75a of the reset lever 70 is 

S& brought into contact with the circuit block 180 on one side of the hole 90 when the 
winding stem 31 is in the zero-th or first stage, and is brought into contact with the 
circuit block 180 on the other side of the hole 90 when the winding stem 31 is in the 
second stage. Such an arrangement makes it possible to detect whether the 
winding stem 31 is in one of the zero-th and first stages or the second stage. 

25 Also, the switch portion 75b of the reset lever 70 is brought into contact with 

the circuit block 180 when the winding stem 31 is in the zero-th or first stage, and is 
moved away from the circuit block 180 when the winding stem 31 is in the second 
stage. This mechanical switch portion 75b of the reset lever 70 constitutes the 
aforesaid switch 131 for the capacitor 132. 

30 Additionally, the circuit block 180 is constructed by attaching an IC, for 

example, to a flexible board. As shown in Figs. 18, 20 and 21, the circuit block 180 
is fixed by being held between a circuit receiving seat 181 screwed to the main plate 
2 and a circuit retaining seat 182 also screwed to the main plate 2, 

The operation of the starter 50 in this embodiment will be described. 
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First, when the crown is in the normal pushed-in position, as shown in Fig, 
16, the positioning pin 40b of the setting lever 40 is engaged in the engagement 
groove 41a of the yoke holder 41, and the pin 40c is engaged in the grooves 43a, 71 
of the setting wheel lever 43 and the reset lever 70. In this condition, the sliding 
5 pinion 35 is engaged with the winding pinion 32. By turning the crown, therefore, 
the ratchet wheel 4 is rotated through the winding stem 31, the sliding pinion 35, 
the winding pinion 32 and the crown wheel 33, whereby the mainspring la can be 
wound up. 

Also, the setting wheel 36 is held in a position out of engagement with the 
10 minute wheel 38. Further, the engaging portion 77 of the reset lever 70 is held in a 
position apart away from the rotor inertia disk 12c. 

ifl Then, as shown in Fig. 17, when the crown is pulled out to the second stage, 

^: the setting lever 40 is rotated counterclockwise about the shaft 40a and the 
£ positioning pin 40b of the setting lever 40 is engaged in the engagement groove 41b 
fSS of the yoke holder 41. Simultaneously, the end portion of the yoke 42 is pushed by 
m the corner portion of the setting lever 40 toward the center of the watch, causing the 

sHding pinion 35 to move toward the setting wheel 36. Also, the setting wheel lever 
{2 43 is rotated clockwise about the shaft 43b by the pin 40c of the setting lever 40, 
O causing the setting wheel 36 to move toward the minute wheel 38. As a result, the 
JM) sliding pinion 35 is engaged with the setting wheel 36 and the setting wheel 36 is 

engaged with the minute wheel 38 so that the time setting can be made by turning 

the crown. 

At the same time, the reset lever 70 is rotated clockwise about the shaft 72. 
With the rotation of the reset lever 70, the engaging portion 77 of the reset lever 70 
25 is engaged with the rotor inertia disk 12c. 

When the crown is pushed in to finish the hand setting operation after 
turning the crown and setting the hands right, the setting lever 40 is rotated 
clockwise and the pin 40c is moved within the groove 71 in interlock with the 
pushing-in of the crown, as shown in Fig. 22. The reset lever 70 is thereby rotated 
30 counterclockwise for return to the original position. 

Also, with the movement of the reset lever 70, the engaging portion 77 of the 
reset lever 70 is quickly disengaged from the rotor inertia disk 12c and returned to 
the original position. At this time, the fore end of the engaging portion 77 is moved 
in the tangential direction of the rotor inertia disk 12c, whereupon a mechanical 
35 rotating force is applied to the rotor inertia disk 12c in the direction of arrow 
(clockwise). With the rotation of the rotor inertia disk 12c, the 6th wheel 11 is 
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rotated and the hands are moved through the wheel train comprising the 5th wheel 
10, the 5th second intermediate wheel 16, the 5th first intermediate wheel 15, the 
4th wheel 9, etc. 

The rotating force thus produced may be appropriately set in practice. In this 
5 embodiment, the produced rotating force is set to a level enough to rotate the rotor 
12 at a speed close to the reference one (speed at which the hands are allowed to 
move precisely, i.e., speed at which the second hand, for example, is moved in one 
second through a angular distance corresponding to one second; e.g., 8 Hz), 

Upon the crown being pushed in for return from the hand setting operation, 

10 the power generator 20 starts to operate. At this startup of the power generator 20, 
the rotating force is applied to the rotor inertia disk 12c by the reset lever 70 in 

yl addition to the rotating force from the mainspring la. Accordingly, the rotor 12 is 
Ij: rotated at an increased speed as soon as the startup and the power outputted from 

011 the power generator 20 is increased up to a large value in a short time. 

If This second embodiment thus constructed has the following advantages. 

1- (21) By providing the starter 50 including the reset lever 70 which is operated 

H= in interlock with the manipulation of pushing in the crown for return from the hand 
H setting operation, a mechanical rotating force is directly apphed to the rotor inertia 
O disk 12c using the reset lever 70. An increase in speed error due to speed-up 
fet) through the wheel train, which has occurred in the comparative case of applying a 
rotating force to the wheel train, can be avoided and the rotor 12 can be rotated at a 
predetermined speed. Accordingly, the rotation of the rotor 12 can be stabilized and 
a time lapsed until the start of driving of the IC can be made constant. It is hence 
possible to eliminate an error in setting of the correct time by adding a preset 
25 compensation value, and manage the indication of time with high accuracy. 

It is assumed, for example, that a rotating force capable of rotating the 7th 
wheel (rotor 12) at 240 Hz is applied in the case of directly driving the pinion of the 
6th wheel 11 by the reset lever. Considering a moving speed of the reset lever on 
condition that the speed-up ratio from the 6th wheel 11 to the rotor 12 is 10, the 6th 

30 wheel 11 is rotated at 240 ^ 10 = 24 Hz. From the outer circumferential speed of 
the 6th wheel, the speed of the reset lever in this case is determined by 2 x 7t x 0.5 
mm (radius of the 6th pinion) x 24 (Hz) = 75.4 mm/s. When the rotor inertia disk 
12c is directly driven by the reset lever 70 moving at the above speed, the rotating 
speed of the rotor inertia disk 12c is given by f - outer circumferential speed of the 

35 inertia disk / (2 x 7t x radius of the inertia disk) = 75.4 / (2 x ti x 3) = 4.0 (Hz). 
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Through similar calculation, if the rotor inertia disk 12c is directly driven by 
the reset lever 70 by applying a rotating force with which the 7th wheel is rotated at 
200 Hz when applied to the 6th wheel, the rotating speed f of the rotor inertia disk 
12c is given by 3.33 Hz. Also, if the rotor inertia disk 12c is directly driven by the 
5 reset lever 70 by applying a rotating force with which the 7th wheel is rotated at 
280 Hz when applied to the 6th wheel, the rotating speed f of the rotor inertia disk 
12c is given by 4.66 Hz. In other words, applying the difference rotating forces by 
using the same reset lever 70 causes a variation of 200 - 280 Hz, i.e., 80 Hz, in the 
rotational speed of the rotor 12 when the pinion of the 6th wheel is driven, but 
10 causes a variation of 3.33 - 4.66 Hz, i.e., 1.33 Hz, in the rotational speed of the rotor 
12 when the rotor inertia disk 12c is directly driven. Thus, an error in the 
O rotational speed of the rotor 12 caused by variations in the driving force of the reset 
S lever 70 can be reduced down to about 1/6 of that in the comparative case, and the 
H rotor 12 can be rotated substantially at the predetermined speed. 

W (22) The reset lever 70 includes the engaging portion 77 formed to be directly 

engageable with the outer peripheral portion of the rotor 12. With a first operation 

r such as pulling out the crown for setting the hands right, therefore, the rotor 12 can 
be positively restricted from rotating and the hand setting operation can be 

Q precisely performed. Also, with a second operation such as pushing in the crown 

M after the end of the hand setting, the rotor 12 can be started up at once, 

H (23) Since the engaging portion 77 of the reset lever 70 is made engageable 

with the tooth profile 12d of the rotor inertia disk 12c that has the largest diameter 
among the parts of the rotor 12, greater moment of rotation can be produced with a 
smaller force applied to the reset lever 70. Therefore, the rigidity required for the 

25 reset lever 70 can be reduced to a comparatively small value, and the reset lever 70 
can be formed of a comparatively thin member. It is thus possible to reduce the 
weight of the reset lever 70 and arrange it with more easiness. 

(24) With the provision of the slip mechanism between the rotor s rotating 
shaft and the rotor inertia disk 12c, even if a force greater than the predetermined 

30 value is applied to the rotor inertia disk 12c, the rotor inertia disk 12c slips relative 
to the rotor's rotating shaft and the rotation of the rotor is suppressed. As a result, 
the rotational speed of the rotor 12 can be always held constant. 

(25) Since the engaging portion 77 is moved in the tangential direction, i.e., 
the rotating direction, of the rotor inertia disk 12c, the efficiency in rotating the 

35 rotor inertia disk 12c by the reset lever 70 can be so increased that the rotor can be 
always started up with stability. 
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(26) There are provided the switch 131 (switch portion 75b) intermittently 
turned on and off in response to manipulation of the crown, and the capacitor 132 
connected to the IC 151 through the switch 131. Accordingly, the voltage of the 
capacitor 132 can be maintained during the hand setting operation in which the 

5 power generator 20 is stopped, and the capacitor 130 can be momentarily charged 
with the power from the capacitor 132 when the crown is pushed in for return from 
the hand setting operation. Hence the IC 151 can be started up quickly, for 
example, in about 1 second. 

(27) Since the rotating force is directly appHed to the rotor inertia disk 12c by 
10 the reset lever 70, the rotational speed of the rotor 12 can be controlled with high 
O accuracy. For example, it is possible to always start up and rotate the rotor 12 at 

the reference speed (e.g., 8 Hz). This enables the hands to be precisely moved 
\j during a period from the time at which the rotation controller 150 is supplied with 
J power for the startup to the time at which the rotation controller 150 actually starts 
if control, e.g., a period of about one second. As a result, an error in indication of the 
^ time can be ehminated. 

O (28) Since the rotor 12 can be started up by additionally applying a 

mechanical rotating force, the power generator 20 may have a core which makes it 

U harder to start up the power generator 20 because of the presence of cogging torque. 

^ Using the power generator 20 provided with a core is advantageous in that the rotor 
magnet 12b of the rotor 12 can be reduced in size and impact resistance can be 
enhanced. Thus, the electronically controlled mechanical watch can be made 
smaller in size and more resistant against an impact. 

(29) The reset lever 70 can be moved at a constant speed regardless of the 
25 speed at which the crown is pushed in. Therefore, the rotating force applied to the 
rotor inertia disk 12c by the reset lever 70 can also be always kept constant, and a 
stable and constant rotating force can be applied to the rotor 12. In addition, there 
is no need of considering, e.g., the pushing-in speed of the crown, thus resulting in 
improved operability. 

30 (30) The starter 50, i.e., the reset lever 70, is operated in interlock with the 

operation of pushing in the crown (external operating member), i.e., the 
manipulation to effect return from the hand setting. Therefore, the starter 50 can 
be operated without needing consciousness of an operator, and operability can be 
further improved. 

35 (31) Even when the rotating force applied by the reset lever 70 is not so high 

in accuracy, the rotational speed of the rotor 12 can be maintained constant. It is 
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therefore possible to simplify the structure of the reset lever 70 and realize a 
reduction in both the number of parts and cost. 

[Third Embodiment] 

Next, a third embodiment of the present invention will be described. Note 
5 that, in this embodiment, the same or similar components as those in the above first 
embodiment are denoted by the same symbols and a description thereof is omitted 
or abridged. 

In the above first embodiment, the latch portion 73 and the startup -spring 
biasing portion 74 of the reset lever 70 are formed as integral parts of a one-piece 
10 member and the relative positional relationship between them is not changed. In 
O this embodiment, as shown in Figs. 23 and 24, a slit is formed in the reset lever 70 
J™ between the latch portion 73 engaging with the 6th pinion 11a and the startup- 
\j spring biasing portion 74 for biasing the startup spring 60 so that the latch portion 
73 and the startup-spring biasing portion 74 are constructed as separate pieces and 
the relative positional relationship between them is changeable. 

J" Further, in the above first embodiment, the startup spring 60 is fixed to the 

O main plate 2 by the set pin 61 so that the initial position of the startup spring 60 
can be adjusted by rotating the pin 61. In this embodiment, as shown in Fig. 25, the 
y startup spring 60 is fixed by press-fitting its base end between two projections 2a 
W formed on the main plate 2. 

In this embodiment having the above construction, as shown in Fig. 24, when 
the crown is pulled out and the reset lever 70 is rotated counterclockwise in the 
drawing about the shaft 72, the latch portion 73 is first engaged with the pinion 
11a. Then, the startup spring 60 is pushed by the startup-spring biasing portion 74, 
25 whereupon the startup spring 60 is deflected to such an extent that the engaging 
portion 63 at the fore end of the startup spring 60 is engaged with a tooth (engaged 
portion) of the pinion 11a. 

When the crown is pushed in to finish the hand setting operation, as shown 
in Fig. 23, the reset lever 70 is rotated clockwise in the drawing for return to the 

30 original position in response to the pushing-in of the crown. On this occasion, the 
startup -spring biasing portion 74 is first moved and the latch portion 73 is then 
moved in such a manner that the portions 74, 73 quickly depart away respectively 
from the startup spring 60 and the pinion 11a. Therefore, the startup spring 60 is 
returned to the original position by its own spring force. At the same time, a 

35 mechanical rotating force is apphed to the 6th pinion 11a, whereby the rotor 12 is 
rotated as with the above first embodiment. 
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In addition to the same advantages as (1), (2) and (4) to (12) of the above first 
embodiment, this embodiment can provide another advantage (13) that, even with 
some variations in dimensional accuracy of parts of the reset lever 70, e.g., the latch 
portion 73, resulting fluctuations in the mechanical rotating force applied to the 
5 pinion 11a are held down and stable rotation of the pinion 11a can be achieved. 

Still another advantage (14) is that the latch portion 73 can be always set so 
as to engage with the pinion 11a earher such that the timing at which the latch 
portion 73 is engaged with the pinion 11a and the timing at which the engaging 
portion 63 of the startup spring 60 is engaged with the engaged portion of the 
10 pinion 11a always occur in the constant sequence; hence the startup spring 60 can 

0 be positively and easily engaged with the pinion 11a. 

m The above advantages lead to still another one (15) that, since there is no 

'^^ need of fixing the startup spring 60 by the set pin 61 for adjustment of the initial 

01 position of the startup spring 60, the startup spring 60 can be fixed by press-fitting 
|5 its base end between the projections 2a of the main plate 2; hence the 
J" manufacturing process can be simplified and the manufacturing capacity can be 
O easily increased. 

D More specifically, in the first embodiment, the relative positional relationship 

S between the latch portion 73 and the startup-spring biasing portion 74 of the reset 
^ lever 70 is fixed. Therefore, if variations occurred in the manufacturing process, for 
example, cause an error in length by which the startup-spring biasing portion 74 is 
projected, an error is also caused in the mechanical rotating force applied to the 
pinion 11a. In the case of using the reset lever 70 with the startup -spring biasing 
portion 74 having a small projection size, the startup spring 60 cannot be 
26 sufficiently biased by the startup-spring biasing portion 74 when the latch portion 
73 is engaged with the pinion 11a. Accordingly, the mechanical rotating force 
applied to the pinion 11a is reduced. On the other hand, in the case of using the 
reset lever 70 with the startup -spring biasing portion 74 having a large projection 
size, the startup spring 60 is overly biased by the startup-spring biasing portion 74 
30 when the latch portion 73 is engaged with the pinion 11a. Accordingly, the 
mechanical rotating force applied to the pinion 11a becomes too large. For those 
reasons, the initial position of the startup spring 60 must be adjusted by the set pin 
61, thus resulting in a fear of lowering of the production efficiency. By contrast, in 
this embodiment, since the latch portion 73 and the startup -spring biasing portion 
35 74 are formed as separate pieces, some dimensional error can be absorbed, even if it 
occurs, through flexing of the latch portion 73, for example. As a result, adjustment 
of the initial position of the startup spring 60 is no longer needed. 
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[Fourth Embodiment] 

Next, a fourth embodiment of the present invention will be described. Note 
that, in this embodiment, the same or similar components as those in the above 
second embodiment are denoted by the same symbols and a description thereof is 
5 omitted or abridged. 

Fig. 26 shows, in enlarged scale, an area including a rotor 12 according to the 
fourth embodiment of the present invention. While the tooth profile 12d is formed, 
as the engaged portion, along the overall circumference of the rotor inertia disk 12c 
in the above second embodiment, the tooth profile 12d is partly formed along the 
10 circumference of the rotor inertia disk 12c in this fourth embodiment. 

□ More specifically, the tooth profile 12d of the rotor inertia disk 12c is formed 

2^ in two regions which are parts of the outer circumference of the rotor inertia disk 
12c and are opposed to each other. Then, the rotor magnet 12b is set such that, 
when the reset lever 70 is engaged with the tool profile 12d, the magnetic-pole 
W direction of the rotor magnet 12b is deviated from the diametrical direction in which 
IB the tooth profiles 12d are positioned. With such an arrangement, when the 
engaging portion 77 of the reset lever 70 is engaged with the tooth profile 12d, the 
I^L rotor 12 can be restricted to a position offset from the statically stable position 
t-^ thereof 

S) In addition to the same advantages as (21) to (31) of the above second 

embodiment, this fourth embodiment can provide another advantage (32) that, since 
the rotor 12 is restricted to a position offset from the statically stable position 
thereof, the effect of cogging torque at the startup is reduced and a required startup 
torque to be applied by the reset lever 70 can be reduced correspondingly. 

25 [Fifth Embodiment] 

Figs. 27 and 28 show an area including a rotor 12 according to a fifth 
embodiment of the present invention. In this fifth embodiment, the rotor 12 in the 
above second embodiment is constructed as one having the similar structure to that 
of a brushless motor. 

30 More specifically, the rotor 12 in this embodiment includes pairs of disk- 

shaped rotor magnets 12b arranged with a spacing left in the axial direction for 
each pair. The rotor magnet 12b of each pair is supported by a plate-shaped back 
yoke 12e. A board 223 serving as a part located opposite to the rotor magnets 12b is 
arranged to lie between the paired rotor magnets 12b, and includes a coil 123 

35 disposed in a position corresponding to the paired rotor magnets 12b. In the rotor 
12 of this embodiment, the rotor 12 including the disk-shaped rotor magnets 12b 
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serves itself as an inertia disk, and therefore the rotor inertia disk 12c used in the 
above second embodiment is not provided here. 

Further, a tooth profile 12d similar to that in the above second embodiment is 
formed in one of the two back yokes 12e, Upon the engaging portion 77 of the reset 
5 lever 70 engaging with the tooth profile 12d, a rotating force is directly applied to 
the back yoke 12e, i.e., the rotor 12. 

This fifth embodiment thus constructed can provide the same advantages as 
(21) to (31) of the above second embodiment. A power generator having a structure 
similar to that used in this embodiment is advantageous in leaking a less amount of 
10 magnetic flux and producing a less amount of iron loss, but has a large weight or 
O inertia and is inferior in the startup characteristic. As an additional advantage of 
2f this embodiment, the startup characteristic of such a power generator can be 
sj improved by directly rotating the back yoke 12e using the reset lever 70. 

ffj [Sixth Embodiment] 

1$ Fig. 29 schematically shows a rotor 12 according to a sixth embodiment of the 

- present invention. While a rotating force is applied to the rotor 12 by bringing the 
JJt reset lever 70 into direct contact with the rotor inertia disk 12c in the above second 
Q embodiment, a rotating force is applied to the rotor 12 by utilizing magnetic forces 
in this sixth embodiment. 

20 More specifically, a magnet moving in response to the manipulation of the 

crown is disposed at a fore end of the reset lever 70, and the fore end of the reset 
lever 70 is extended up to a position close to the rotor magnet 12b. A rotating force 
is thus applied to the rotor 12 with magnetic forces acting between the magnet at 
the fore end of the reset lever 70 and the rotor magnet 12b, i.e., through magnetic 

25 engagement. 

When the fore end of the reset lever 70 is positioned close to the rotor magnet 
12b, the rotor magnet 12b is rotated such that a magnetic pole (e.g., an N pole) of 
the rotor magnet 12b causing attraction forces with respect to a magnetic pole (e.g., 
a S pole) at the fore end of the reset lever 70 is positioned on the same side as the 
30 reset lever 70. Then, when the reset lever 70 is further rotated counterclockwise, 
the rotor magnet 12b is rotated clockwise with the attraction forces acting between 
them. A rotating force is thereby directly applied to the rotor 12. 

In addition to the same advantages as (21), (24) and (26) to (31) of the above 
second embodiment, this sixth embodiment can provide another advantage (33) 
35 that, since a rotating force is directly applied to the rotor 12 by utilizing magnetic 
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forces without bringing the reset lever 70 into direct contact with the rotor 12, it is 
possible to prevent wears of the reset lever 70 and the rotor 12. 

Still another advantage (34) is that, since the rotor magnet 12b serves also as 
a magnet to be disposed on the side of the rotor 12, there is no need of additionally 
5 providing a magnet on the side of the rotor 12; hence the cost can be reduced and an 
increase in weight can be suppressed. 

[Seventh Embodiment] 

Figs. 30 and 31 show an area including a rotor 12 according to a seventh 
embodiment of the present invention. While a rotating force is applied to the rotor 
10 12 by bringing the reset lever 70 into direct contact with the rotor inertia disk 12c 
O in the above second embodiment, a rotating force is applied to the rotor 12 in this 
sixth embodiment by utilizing magnetic forces, i.e., magnetic engagement, as with 
the above sixth embodiment. 

in More specifically, a plurality of magnets 161 are arranged on an upper 

K surface (or a lower surface) of the rotor inertia disk 12c along its circumferential 
^" edge, and the rotor 12 is rotated using the magnets 161 and a magnet 162 disposed 
Q at the fore end of the reset lever 70 on the underside thereof. Magnetic poles of the 
magnet 161 on the side of the reset lever 70 and magnetic poles of the magnet 162 
y on the side of the rotor inertia disk 12c are arranged such that mutually attracting 
9) magnetic poles (S and N poles) of both the magnets 161, 162 face each other. Thus, 
when the fore end of the reset lever 70 is positioned close to the rotor inertia disk 
12c, both the magnets 161, 162 are attracted to each other and a rotating force is 
applied to the rotor 12 due to attraction forces produced therebetween. 

In addition to the same advantages as (21), (24), (26) to (31), and (33) of the 
25 above embodiments, this seventh embodiment can provide another advantage (35) 
that the reset lever 70 having a magnet is not required to be extended up to a 
position corresponding to the center of rotation of the rotor 12 unlike the case of 
using the rotor magnet 12b as a magnet on the rotor side; hence flexibility in 
arrangement of the reset lever 70 can be increased and the efficiency in use of a 
30 space can be improved. 

It is to be noted that the present invention is not limited to the embodiments 
described above, but may be constructed in other ways while achieving the objects 
of the invention, and also involves modifications, etc. as follows. 

For example, the startup member (starter 50) comprising the startup spring 
35 60 and the startup-spring operating member (reset lever 70), which is employed in 
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the first and third embodiments, may be used as the starter engaging with the 
outer peripheral portion of the rotor 12 in the second embodiment. 

Conversely, the starter 50 constituted by the reset lever 70 having the 
engaging portion 77, which is employed in the second embodiment, may be used to 
rotate the rotation target gear, e.g., the 6th pinion 11a, provided in the wheel train 
serving as a mechanical energy transmitting means. 

Thus, it is essential that the starter of the present invention is able to engage 
with the rotation target gear, the pinion or the rotor 12, of the mechanical energy 
transmitting means, thereby applying a rotating force to the same. 

The startup member for rotating the rotor 12 in the starter for the 
electromagnetic converter of the present invention has been described as rotating 
the rotor 12 forward in the rotating direction. Conversely, the startup member may 
be constructed to rotate the rotor 12 backward in the rotating direction. In this 
case, the rotor 12 is rotated backward by the startup member, but it is rotated 
forward in the rotating direction with mechanical energy produced by the spring, for 
example, immediately after the backward rotation. Stated otherwise, since the 
rotor 12 held at a standstill is rotated, though in the backward direction, by the 
startup member, a frictional force imposed on the rotor 12 is reduced from a large 
value caused by statical friction down to a small value caused by kinetic friction, 
enabhng the rotor to be more easily started up. Accordingly, after the rotating 
direction of the rotor 12 is changed from the backward direction to the proper 
forward direction as described above, the rotor rotational speed is quickly increased. 
Even with the fact that the rotor is initially rotated backward, the startup 
characteristic of the rotor can be improved as a total effect resulted from using the 
startup member. 

Also, in the above embodiments, the engaging portion 63, 77 engaging with 
the rotation target gear, e.g., the 6th pinion 11a or the rotor 12 (rotor inertia disk 
12c), is moved in the tangential direction of the 6th pinion 11a or the rotor inertia 
disk 12c. However, the moving direction of the engaging portion 63, 77 may be not 
exactly in the tangential direction, but substantially in the tangential direction. In 
other words, the engaging portion 63, 77 may also be moved in any direction 
deviated from the tangential direction within the range of a inclination defined by 
an angle (frictional angle) corresponding to the coefficient of friction in a contact 
area between the engaging portion 63, 77 and the rotor inertia disk 12c. If the 
moving direction of the engaging portion 63, 77 is within the range of the 
substantially tangential direction, a similar working effect to that in the case of 
moving the engaging portion 63, 77 exactly in the tangential direction can be 
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obtained. It is however most preferable that the moving direction is set to the 
tangential direction as with the above embodiments. 

Further, in the second embodiment, the structure for realizing contact 
between the rotor inertia disk 12c and the reset lever 70 is not limited to a 
5 combination of the tooth profile 12d and the engaging portion 77 to realize the 
contact. For example, a rotating force may be applied using a frictional force, as 
shown in Fig. 32, by bringing the fore end of the reset lever 70 into contact with an 
upper surface of the rotor inertia disk 12c while non-slip members 163, such as 
rubber materials, are provided on contact areas of the reset lever 70 and the rotor 
10 inertia disk 12c. Other than providing the non-slip members 163, the contact areas 
of the reset lever 70 and the rotor inertia disk 12c may be processed to have 
J roughness by etching, discharge machining, cutting, etc. so that a rotating force is 
0"^ applied using a frictional force, etc. produced by the processed contact areas. 

Likewise, when the reset lever 70 is engaged with the pinion 11a, a frictional 
B force may be instead utilized for engagement between them. In such a case of 
tn utilizing a frictional force, it is also preferable that the rotating force be applied in 
1_ the tangential direction of the rotor 12 or the pinion 11a. However, the direction of 
lu applying the rotating force is not necessarily set to the tangential direction. 

r1 In the case of applying the rotating force to the rotation target gear, the 

Si pinion or the rotor through magnetic engagement as with the above sixth and 
seventh embodiments, it is also preferable that the rotating force be applied in the 
tangential direction of the gear or the rotor. However, the direction of applying the 
rotating force is not necessarily set to the tangential direction. 

The structure for engaging the reset lever 70 may be constructed as shown in 
25 Fig. 33. More specifically, an elastic member 164 is provided at a circumferential 
edge of the rotor inertia disk 12c such that the elastic member 164 has a distal end 
formed to space from the upper (or lower) surface of the rotor inertia disk 12c by a 
predetermined distance (Fig. 33(A)). For engaging the reset lever 70 with the rotor 
inertia disk 12c, the reset lever 70 is rotated such that the fore end of the reset lever 
30 70 rides over the elastic member 164. Thus, as shown in Fig. 33(B), the fore end of 
the reset lever 70 comes into abutment with the rear side of the elastic member 164 
for engagement between the reset lever 70 and the rotor inertia disk 12c. For 
returning the reset lever 70 to the original position, the reset lever 70 is rotated in a 
direction opposite to the direction of engaging the same so as to pass a spacing 
35 between the elastic member 164 and the rotor inertia disk 12c. 
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The rotation target gear in the first and third embodiments is not limited to 
the 6th pinion 11a, but may be other gear such as the 6th wheel 11 or the 5th wheel 
10. Taking into account the amount of rotation of the rotor 12 and the force to be 
applied to the rotation target gear, however, the rotation target gear is preferably 
5 the 6th wheel 11 just one step before the rotor 12 as described in the above 
embodiments, and the rotating force is preferably applied to the 6th pinion 11a for 
more surely establishing the engagement between the startup spring 60 and the 
rotation target gear. 

The startup spring 60 is not hmited to a leaf spring used in the above 
10 embodiments, but may be other type of spring. Further, while the startup spring 60 
O is fixed to the rotatable pin 61 in the first embodiment, it may be directly fixed to 
the main plate 2 as with the third embodiment. However, the use of the pin 61 is 
%j advantageous in that the initial position of the startup spring 60 can be adjusted 
J: later to change the setting of the rotating force. 

§5 The reset lever 70 in the first and third embodiments may be formed to have 

'r only the startup-spring biasing portion 74 with omission of the latch portion 73. 

Further, the external operating member is not limited to the crown. For 
O example, when a hand setting button is separately provided, the button may be 
2 used as the external operating member. In this case, it is just required that the 
starter (rotation driving means) 50 be operated in interlock with the operation of 
pushing the button. Using the crown as the external operating member, however, is 
advantageous in that operabihty is improved because the starter can be operated in 
interlock with the operation for return from the hand setting. 

While the switch 131 and the capacitor 132 are provided in the above 
25 embodiments, these components may be omitted with only the capacitor 130 
provided. In such a case, the capacitor 130 may have a small capacity as with the 
above embodiments so that the capacitor 130 is charged with the power only from 
the power generator 20 after the hand setting and the IC 151 is then started up. 
Alternatively, the capacitor 130 may have a large capacity so that the IC 151 is 
30 continuously driven by the capacitor 130 even during the hand setting. 

In the above embodiments, the rotating force enough to rotate the rotor 12 at 
the reference speed is applied by the engaging portion 63 of the startup spring 60 or 
the engaging portion 77 of the reset lever 70. However, it is not always required to 
apply the rotating force enough to rotate the rotor 12 at the reference speed. Thus, 
35 the startup spring 60 or the reset lever 70 is required to apply the rotating force in 
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such a proper range as not causing a problem that the rotating force is too great to 
brake the same, or that the rotating force is too small to rotate the rotor 12. 

The construction for directly applying the rotating force to the rotor is not 
limited to those described in the above embodiments, but may be modified so long as 
the rotating force can be directly applied to the rotor by the startup member for 
rotating the rotor. 

While the tooth profile and the rotor magnet are arranged to be out of phase 
in the fourth embodiment, the present invention is not limited to such an 
arrangement. For example, the tooth profile and the rotor magnet may be arranged 
in phase with each other. By arranging the tooth profile and the rotor magnet to be 
out of phase so that the rotor 12 is restricted to a position offset from the statically 
stable position, however, an advantage is obtained in that the effect of cogging 
torque at the startup is reduced and a required startup torque to be applied by the 
reset lever 70 can be reduced to a smaller value. Also, in the sixth and seventh 
embodiments using magnets, the layout position of the magnets and the position of 
the reset lever 70 may be adjusted so that the rotor magnet 12b is offset from the 
statically stable position. 

Since the force applied to the rotor 12 by the reset lever 70 does not vary so 
much, the slip mechanism is not necessarily required between the rotor's rotating 
shaft and the rotor inertia disk 12c. 

While the reset lever 70 is engaged with the outer peripheral portion of the 
rotor inertia disk 12c in the second embodiment, it may be engaged with the rotor 
pinion 12a, for example. This modification is advantageous in that, because a gear 
usable as the engaged portion is already formed on the rotor pinion 12a, there is no 
need of additionally forming a tooth profile unlike the case of forming the tooth 
profile 12d of the rotor inertia disk 12c. Because of the rotor pinion 12a having a 
small radius, however, a greater force must be applied from the reset lever 70 and 
the rigidity of the reset lever 70 must be increased. Using the reset lever 70 in the 
same way as in the second embodiment provides an advantage that the rigidity 
required for the reset lever 70 can be reduced to a comparatively small value and 
the reset lever 70 can be formed of a comparatively thin member, thus resulting in 
the reduced weight and easier arrangement of the reset lever 70. 

Electromagnetic converters to which the present invention is applied are not 
limited to the power generator 20 in the above embodiments, but may include a 
motor as another example. The motor may be of the type having a similar structure 
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to that used in the first to fourth embodiments, or the type having a similar 
structure to that used in the fifth embodiment. 

Timepiece to which the present invention is apphed are not limited to an 
electronically controlled mechanical watch, but may include other various types of 
5 timepieces, such as wristwatches, table clocks, and clocks, including various types of 
power generators; e.g., a self-winding, self-generating watch wherein electric power 
is generated upon movement of a rotating weight. Further, since the starter for the 
electromagnetic converter according to the present invention can also be utilized as 
a starter for a motor, the present invention is also applicable to a timepiece wherein 
10 hands are driven by a stepping motor or the like energized with an electrical energy 
Q source such as a button-type battery or a solar battery. 

m Moreover, the starter for the electromagnetic converter according to the 

!j present invention is not limited to timepieces in application, but is also applicable to 
m equipment and power generating units which incorporate various types of dynamos 
K and motors, such as a portable hemomanometer, cellular phone, pager, pedometer, 
electronic calculator, portable personal computer, electronic notepad, portable radio, 
O music box, metronome, and electric shavers. Thus, the present invention can be 
El applied to various equipment including electromagnetic converter such as power 
y generators and motors. 

60 The mechanical energy source is not hmited to a coiled spring, but may be a 

rubber, another type of spring, weight, etc. In other words, the mechanical energy 
source can be appropriately selected depending on the target to which the present 
invention is applied. 

Additionally, the mechanical energy transmitting device for transmitting 
25 mechanical energy from the mechanical energy source, e.g., the mainspring, to the 
rotor of the power generator is not limited to the wheel train (gears) in the above 
embodiments, but may be implemented by using a friction pulley, belt and pulley, 
chain and sprocket wheel, rack and pinion, cam, etc. In other words, the 
mechanical energy transmitting device can be appropriately selected depending on 
30 the types of equipment to which the present invention is applied. 

Industrial Applicability 

According to the present invention, as described above, a startup member is 
employed which has an engaging portion mechanically engaging with an engaged 
portion of a rotation target gear, a pinion or a rotor of mechanical energy 
35 transmitting means. As compared with a conventional starter utilizing a frictional 
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force, therefore, a mechanical rotating force can be more efficiently applied to the 
rotation target gear, the pinion or the rotor with higher stability. 

Also, by applying a mechanical rotating force to the rotation target gear, the 
pinion or the rotor with only a resilient force of a startup spring, the mechanical 
rotating force can be applied to the gear, the pinion or the rotor with even higher 
stability. 

Further, by applying a mechanical rotating force to the rotation target gear, 
the pinion or the rotor by moving the engaging portion, which engages with the 
gear, the pinion or the rotor, substantially in the tangential direction of the gear, 
the pinion or the rotor, the efficiency in rotating the gear, the pinion or the rotor by 
the startup spring is increased, whereby the rotation target gear, the pinion or the 
rotor can be rotated with improved stability. 

Moreover, when a rotating force is directly applied to the rotor, an increase in 
speed error due to speed-up through the wheel train is avoided unlike the case of 
applying a rotating force to the wheel train, and hence the rotor can be rotated at a 
predetermined speed. Accordingly, the rotational speed of the rotor can be easily 
stabilized and a time lapsed until the start of driving of an IC can be made constant. 
It is therefore possible to ehminate an error in setting of the correct time by adding 
a preset compensation value, and manage the indication of time with high accuracy. 
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CLAIMS AMENDED UNDER ARTICLE 19 OF PCT 

1. A Starter for an electric power generator comprising at 
least a rotor and mechanical energy transmitting means, which 
is constituted by a wheel train made up of a plurality of gears 

5 and transmits mechanical energy to and from said rotor, thereby 
converting one of mechanical energy and electrical energy into 
the other, 

wherein said starter includes a startup member which has 
an engaging portion capable of mechanically engaging with an 

10 engaged portion of a rotation target gear provided in said 
mechanical energy transmitting means, and which moves said 
engaging portion in response to operation of an external operating 
member for applying a rotating force to said rotation target gear, 
while said engaging portion is in engagement with said engaged 

15 portion, whereby said rotor is rotated. 

2. A starter for an electric power generator comprising at 
least a rotor and mechanical energy transmitting means, which 
is constituted by a wheel train made up of a plurality of gears 
and transmits mechanical energy to and from said rotor, thereby 

20 converting one of mechanical energy and electrical energy into 
the other, 

wherein said starter includes a startup member which has 
an engaging portion capable of engaging with a rotation target 
gear provided in said mechanical energy transmitting means, and 
25 which moves said engaging portion substantially in the tangential 
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direction of said rotation target gear in response to operation 
of an external operating member for applying a rotating force 
to said rotation target gear, whereby said rotor is rotated. 
3. A starter for an electric power generator comprising at 
5 least a rotor and mechanical energy transmitting means, which 
is constituted by a wheel train made up of a plurality of gears 
and transmits mechanical energy to and from said rotor, thereby 
converting one of mechanical energy and electrical energy into 
the other, 

10 wherein said starter includes a startup member for, in 

response to operation of an external operating member, applying 
a rotating force to a pinion of a gear in said mechanical energy 
transmitting means, said gear being located just one step before 
said rotor, whereby said rotor is rotated. 

15 4. A starter for an electric power generator comprising at 
least a rotor and converting one of mechanical energy and 
electrical energy into the other, 

wherein said starter includes a startup member for, in 
response to operation of an external operating member, applying 

20 a rotating force to said rotor of said electric power generator, 
whereby said rotor is rotated. 

5. A starter for an electric power generator according to any 
one of Claims 2 to 4 , wherein said rotation target gear, said 
pinion or said rotor includes an engaged portion, and said startup 

25 member includes an engaging portion capable of mechanically 
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engaging with the engaged portion of said rotation target gear, 
said pinion or said rotor. 

6, A starter for an electric power generator according to any 
one of Claims 2 to 4 , wherein said startup member is magnetically 
5 engageable with said rotation target gear, said pinion or said 
rotor* 

7 . A starter for an electric power generator according to Claim 
1 or 5, wherein said startup member engages the engaging portion 
of said startup member with the engaged portion of said rotation 

10 target gear, said pinion or said rotor in response to first 
operation of said external operating member, and moves the 
engaging portion of said startup member for applying a rotating 
force to said rotation target gear, said pinion or said rotor 
in response to second operation of said external operating member . 

15 8 . A starter for an electric power generator according to Claim 
If wherein the engaging portion of said startup member is moved 
substantially in the tangential direction of said rotation target 
gear, said pinion or said rotor in response to the second operation 
of said external operating member. 

20 9 . A starter for an electric power generator according to Claim 
7 or 8, wherein said startup member comprises a startup spring 
having an engaging portion capable of engaging with the engaged 
portion of said rotation target gear, said pinion or said rotor, 
and a startup-spring operating member for biasing said startup 

25 spring to engage the engaging portion of said startup spring with 
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the engaged portion of said rotation target gear;^ said pinion 
or said rotor in response to the first operation of said external 
operating member^ and releasing said startup spring from a biased 
state for returning said startup spring to an original position 
5 in response to the second operation of said external operating 
^ member, thereby applying a rotating force to said rotation target 

gear, said pinion or said rotor • 
2 10. A starter for an electric power generator according to 

m Claim 9, wherein said startup spring is a leaf spring, and the 
SlO engaging portion of said startup spring, which engages with the 
O engaged portion of said rotation target gear, said pinion or said 
O rotor, is moved by said startup-spring operating member 
O substantially in the tangential direction of said gear, said 
pinion or said rotor. 
15 11. A starter for an electric power generator according to 
Claim 9 or 10, wherein an opposite end portion of said startup 
spring is fixed to a pin, and said pin is rotatably attached to 
a base of said electric power generator. 

12. A starter for an electric power generator according to any 
20 one of Claims 9 to 11, wherein said startup-spring operating 
member comprises a latch portion capable of engaging with said 
rotation target gear, said pinion or said rotor to stop rotation 
thereof, and a startup-spring biasing portion for biasing said 
startup spring by a predetermined amount, while said latch portion 
25 is in engagement with said rotation target gear, said pinion or 
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said rotor;, thereby bringing the engaging portion of said startup 
spring into engagement with the engaged portion of said rotation 
target gear, said pinion or said rotor. 

13. A starter for an electric power generator according to any 
5 one of Claims 9 to 12, wherein said external operating member 
is a crown, and 

wherein said startup-spring operating member is 
constituted by a lever for biasing said startup spring to be 
engaged with the engaged portion of said rotation target gear, 

10 said pinion or said rotor when said crown is pulled out, and 
releasing said startup spring from the biased state for returning 
said startup spring to the original position when said crown is 
pushed in, thereby applying a mechanical rotating force to said 
rotation target gear, said pinion or said rotor. 

15 14. A starter for an electric power generator according to any 
one of Claims 1 to 13, wherein said electric power generator 
includes a yoke and a coil. 

15. A starter for an electric power generator according to 
Claim 14, wherein said electric power generator is an electric 

20 power generator including a core portion around which said coil 
is wound. 

16. A starter for an electric power generator according to 
Claim 5, wherein the engaged portion of said rotor is formed along 
an outer peripheral portion of said rotor of said electric power 

25 generator. 
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17. A starter for an electric power generator according to 
Claim 16, wherein said rotor of said electric power generator 
includes an inertia plate, and the engaged portion of said rotor 
is formed along an outer peripheral portion of said inertia plate. 
5 18. A starter for an electric power generator according to 
.... Claim 17, wherein said inertia plate is attached to a rotating 
J! shaft of said rotor through a slip mechanism. 

19. A starter for an electric power generator according to any 
2 one of Claims 5 and 16 to 18, wherein said startup member enables 
HlO said rotor to be restricted to a position offset from a statically 
O stable position thereof when said startup member is engaged with 
O the engaged portion of said rotor. 

O 2 0. A starter for an electric power generator according to any 

one of Claims 1 to 19, wherein said startup member for rotating 
15 said rotor rotates said rotor forward in a rotating direction 
thereof . 

21. A timepiece comprising a mechanical energy source, an 
electric power generator driven by said mechanical energy source 
and outputting electrical energy, a rotation controller operated 

20 with the electrical energy generated by said electric power 

generator, hands driven under control by said rotation controller, 
and a starter for said electric power generator according to any 
one of Claims 1 to 20. 

22. A timepiece comprising a mechanical energy source, a 

25 transmission wheel train for transmitting mechanical energy from 
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said mechanical energy source, hands driven by said transmission 
wheel train and indicating the time of day, an electric power 
generator including a rotor rotated through said transmission 
wheel train and outputting electrical energy, an electricity 
5 accumulator for accumulating an electromotive force generated 
rj by said electric power generator, and a rotation controller 
^ operated by said electricity accumulator, 

said rotation controller including a reference-signal 
output circuit for outputting a reference signal, and a 
'"=^10 comparison-and-control signal output circuit for detecting a 
cycle of said rotor of said electric power generator, comparing 
^ the detected cycle with the reference signal, and outputting a 
Q comparison and control signal, 

wherein said timepiece further comprises a starter for said 
15 electric power generator according to any one of Claims 1 to 20, 
said starter providing a rotating force to act on said 
transmission wheel train or said rotor in response to operation 
of an external operating member. 

23 . A timepiece according to Claim 21 or 22 , further comprising 
20 an electricity accumulator being able to accumulate the 

electrical energy outputted from said electric power generator 
and connected to said rotation controller through a mechanical 
switch, 

said mechanical switch being turned off in response to first 
25 operation of said external operating member to disconnect said 
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electricity accumulator from said rotation controller, and being 
turned on in response to second operation of said external 
operating member to supply the electrical energy from said 
electricity accumulator to said rotation controller. 
5 24 . A timepiece according to any one of Claims 21 to 23 , wherein 

^ the rotating force applied to said rotation target gear, said 
pinion or said rotor by said startup member is set to such a 

2 magnitude as causing said rotor of said electric power generator 

^ to be started up at a reference speed. 

fflO 25. A timepiece comprising an electrical energy source, an 
G electric power generator driven by said electrical energy source 
Q and outputting mechanical energy, a rotation controller operated 
p with electrical energy from said electrical energy source, hands 

driven under control by said rotation controller, and a starter 
15 for said electric power generator according to any one of Claims 

1 to 20. 



P4970b 

ABSTRACT 

A starter which apphes a mechanical rotating force to a rotor of an 
electromagnetic converter, such as a power generator, for startup of the rotor. The 
starter includes a startup spring (60) having an engaging portion (63) engageable 
5 with a 6th pinion (11a) of a wheel train coupled to the power generator. In interlock 
with the operation of pulling out a crown, a reset lever (70) is operated to bias the 
startup spring for engagement with the 6th pinion. Thereafter, the startup spring 
is released from the biased state in interlock with the operation of pushing in the 
crown. The startup spring is returned to the original position due to its own spring 
ID force, whereupon a mechanical rotating force is applied to the pinion. Since the 
S rotating force can be set by a resilient force of only the startup spring, a stable 
^ rotating force is applied to the rotor (12). 
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